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(57) Abstract 

Lnzymatic RNA molecules which cleave ICAM-I mRNA, IL-5 mRNA, rci A mRNA, TNF-a mRNA, RSV mRNA 01 
RSV genomic RNA, or CML associated mRNA, and use of these molecules for ihe treatment of pathological conditions 
related to those mKNA-levels; ribonucleotides: or nucleotides modified in 2', 3' or 5', methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
tRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-loop base-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -ligating hairpin ribozymes lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem II. 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of th ? Invention 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary o f the Invention 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, fi^ ICAM-1, IL-5, relA, TNF-a, p210 bcr-abl, and respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
15 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al M 84 Proc. Natl. An ad. Sci. USA 8788. 1987; 
Haseloff and Gerlach, 334 Na ture 585, 1988; Cech t 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acids Research 1371, 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cl ave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

1 0 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

15 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-a, p210bcr-abl i or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1 , IL-5, relA, TNF-a, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, rel A, TNF-a, p21()bcr-abl ( or RSV gen es and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
a, P 210bcr-abl ( or rsv encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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cleavage of RNA, Upon binding, the ribozymes cleave the target encoding 
rnRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule' it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermoiecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids Res 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry . 31 

35 16 of the RNaseP motif by Guerrier-Takada et al. ( 1983 Cell . 35 849, 
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Neurospora VS RNA ribozyme motif is described by Collins (Seville and 
Collins, 1990 £g//61 t 685-696; Saville and Collins, 1991 Proc, Natl. Acad. 
ScL USA 88, 8826-8830; Collins and Olive, 1993 Biochemistry 32, 2795- 
2799 Guo and Collins, 1995 EMBO. J .. 14, 368) and of the Group I intron by 
5 Cech et al., U.S. Patent 4,987,071. These specific motifs are not limiting in 
the invention and those skilled in the art will recognize that all that is 
important in an enzymatic nucleic acid molecule of this invention is that it 
has a specific substrate binding site which is complementary to one or 
more of the target gene RNA regions, and that it has nucleotide sequences 
10 within or surrounding that substrate binding site which impart an RNA 
cleaving activity to the molecule. 

The invention provides a method for producing a class of enzymatic 
cleaving agents which exhibit a high degree of specificity for the RNA of a 
desired target. The enzymatic nucleic acid molecule is preferably targeted 

15 to a highly conserved sequence region of a target ( i.e., I CAM-1 , IL-5, reLA, 
TNF-a, p210 bcr-abl or rsv proteins) encoding mRNA such that specific 
treatment of a disease or condition can be provided with either one or 
several enzymatic nucleic acids. Such enzymatic nucleic acid molecules 
can be delivered exogenously to specific cells as required., Alternatively, 

20 the ribozymes can be expressed from vectors that are delivered to specific 
cells. By "vectors" is meant any nucleic acid and/or viral-based technique 
used to deliver a desired nucleic acid. 

Synthesis of nucleic acids greater than 100 nucleotides in length is 
difficult using automated methods, and the therapeutic cost of such 

25 molecules is prohibitive. In this invention small enzymatic nucleic acid 
motifs (e.g., of the hammerhead or the hairpin structure) are used for 
exogenous delivery. The simple structure of these molecules increases the 
ability of the enzymatic nucleic acid to invade targeted regions of the mRNA 
structrure. However, these catalytic RNA molecules can also be expressed 

30 within cells from eukaryotic promoters (e.g. Scanion, KJ. et al., 1991, Proc. 
Natl. Acad. ScL. USA. 88, 10591-5; Kashani-Sabet, M., et al M 1992, 
Anti$9n$e R?$ t QtYn 2, 3-15; Dropoulic, B., et al., 1992, J. Virol . 66, 1432- 
41; Weerasinghe, M M et al M 191, J. Virol. 65, 5531-4; Ojwang, J.O., et al., 
1992, Proc. Natl. Acad ScL USA. 89 10802-6; Chen CJ„ et a!., 1992, 

35 Nucleic Acids Res., 20, 4581-9; Sarver, H M et al., 1990 Science . 247, 1222- 
1225). Those skilled in the art would realize that any ribozyme can be 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from t!*e 
primary transcript by a second ribozyme (Draper et al. f PCT W093/23569, 
and Sullivan et al., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa t J., et al.. 1992, Nucleic Acids Syjnp. 
SSL 27, 15-6; Taira, K. et al., Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids Res. . 21, 3249-55, Chowrira et al., 1994 J. Biol. 
SfZfiQL.269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-a, p210bcr-abl or rsv encoding mRNA is reduced below that 
observed in the absense of the ribozyme, and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr ' abl or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210bcr-abl or Rsv mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210 bcr ~abl or 
RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11,13,1 5-23, 27, 28, 31 , 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base* 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210 bcr " abl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (EIroy-Stein and Moss, 1 990 Proc. Natl. 
Acad. Set. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al., 1993 Methods EnzymoL, 217, 47-66; Zhou et al M 

30 1990 Mot. Cell. Biol., 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Natl. Acad. Sci. USA, 90, 6340-4; 
UHuiller et al., 1 992 EMBO J. 1 1 , 441 1 -8; Usziewicz et al. t 1 993 Proc. Natl. 

35 Acad. ScL U.S.A., 90 8000-4), The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Prefer red Embodiments 
The drawings will first briefly be described. 

Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be ;> 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nuci Acids. Res. t 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general* structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs {i.e., n 
is 1,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs (e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size {i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is 2 2 bases. The 
connecting loop can also be replaced with a non-nucieotide linker 
molecule. H refers to bases A, U, or C, Y refers to pyrimidine bases. 
" - refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 11 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2'- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HFat65°C for 1.5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA<3HF reagent, to the same 
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pot, to remove protecting groups at the 2'-hydroxyl position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2'-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2'-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2'- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM prot ction of th 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
cleprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
tf/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

1 0 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supra ). 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3' end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al., 1992 Nucleic Acids Res 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al„ 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3* cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al. ( 1993 EMBO. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3 1 end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Res. 21, 1991; Altschuler et al M 1992 supra) , (25) HDV 

35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et a!., 1992 Biochemistry 31, 11843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3* cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, III & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3* flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3" end. N, Plasmid templates linearized with Nde\ 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R t Plasmid templates linearized with 
Rca\ restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3* end. 

20 Fig. 28 shows the effect of 3* flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single tum-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 

30 because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5' end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-proc ssing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products, 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5' and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31, 
10 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et al. f 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3 1 region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3' end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3* end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36, Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et al„ 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski & Sacchi, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Cum Protocols Mol. Biol 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34, This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 p,g total RNA and trace amounts of 5* terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 

30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and th n grown in the absence of G418 for 3 months. Lanes A 

35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAjmet, re f ers t0 the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P ( 8 nt 5" terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5* terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35 t 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3' of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (staffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenovirus coding regions (cross-hatched boxes marked as E1, pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3' side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base* 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrat RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5' end and that the 3' end of the 5 1 fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are intermolecular 
10 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzai-Herranz et a/., 
1993 EMBO. J.12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res. 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To mak internally-labeled substrate RNA for trans-ribozyme 
cleavag reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a-32p]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 pJ 
1 0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1^M) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris HCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37° C. Aliquots of 5 ^l were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme»substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L. A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Sit M Hairpin Ribozyme (HP-M) with th 
proposed secondary structure of the hairpin ribozyme«substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
10 above except that 20°C and at 26°C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103'L\ wherein L is a 
non-nucleotide linker molecule (Benseler et a/. f 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et a/., WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et a/., 
1993 supra\ Jennings et a/., supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the S'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing S'-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown. 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel et a/. Nucleic Acids Res. 1 992, 
20, 3252) showing specific substitutions. 

Figs. 81 a-j shows the structures of various 2'-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
1 5 groups, Z is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-C-difluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2 , -C-difIuoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2'-C- 
25 carboxymethylidine uridine, ^-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside 5'-deoxy-5'-difluoromethylphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethylphosphonate 3'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5'-deoxy-5'-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of 3'-deoxy-3'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2'-hydroxyl group 
10 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2'-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2 , -NH-alanine modification at the 
20 U7 position. IM/l^-ala, represents HHA containing 2'-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2-NH-lysine modification at U4 position. U7 lys f represents HHA containing 
2'-NH-lysine modification at U7 position. U4/U7-lys, represents HHN 
containing 2'-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5' ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. I02a-d is a schematic r presentation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
1 0 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al., PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-a, p210 l) cr-abl i or rsv genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1, 
II-5, rel A, TNF-a ,p210 bcr - abl , or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I. Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et al., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as d scribed in those applications and synthesized to b tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and delivered as d scribed therein. While specific xamples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et al., 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

1 5 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al M PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al. ( 1987 J. Am. Chem. Soc, 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989, Methods Enzymol, 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2'-amino, 2 , -C-allyl, 2-flouro, 2-O-methyl, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

1 5 high pressure liquid chromatography and are resuspended in water. 

Example 1: ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, rinterferon, tumor necrosis factor-a, or interleukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et. al. supra; Dustin et al., supra; and Rothlein et al., 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al., supra). Elevated expression is detectable 
after 4 hours and peaks after 16-24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl. Acad. Sci. USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol. 107, 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 

25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation! 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 

30 stimulate antigen-dependent T ceil proliferation (Dang et al., 1990 J. 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 

35 interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
1 0 are 5* to 3' in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
1 5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al., PCT WO94/02595. incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and prot in. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1991 Transplantation 
30 51,537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990 J. Immunol. 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transplant Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et al., ^^Transplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al., 1990 Arthritis Rheum 33, 
1776-86; Koch et al. f 1991 Lab Invest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al., 1993 
Arthritis Rheum 36, 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1992 Cell Immunol 142, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et al., 1992 Am J Physiol 262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al., 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al., *\$$2Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1990 Science 247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret al., supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 



• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed m 
psoriatic lesions and expression correlates with inflammation (Kellner et al M 
1991 Br J Dermatol 125, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al., 1993 Br J Dermatol 128, 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al., 1993J Immunol 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al., 1989Lancef 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., 1992>4/r/Mtfs Rheum 35, 672-7; Tsuji. 1992 Arerugi 41, 1507-14). 

Circulating LFA-1 + T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
15 Immunol 37, 377-80). 

Example 2: IL-5 

Ribozyrnes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozyrnes to treat chronic asthma, by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-a, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1 R and TNF-a R on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P f neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al., 1989 supra: Garssen et aL, 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest. 89, 747-752; 
Mauser et al., 1993 supra) . Ribozyme cleavage of IL-5 mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
15 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (5-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5'-CACGUUGUG-3') can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 • 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes wii! be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
1 0 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

15 Takatsu et al., 1988 Immunol. Rev. 102, 107). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 BlQpd 73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al. v 

20 1988 J t Exp. Mod- 167, 219-24), This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Allergol. Clin. Immunol. 
2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalv olar lavag cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al., 1993 J, Allergy 
Clh, Immunol- 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al. f 1993 Am. J. Respi r. Cell. Mol. Biol. 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an Increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
allergen challenge (Bentley et al. t 1993 Am. J. Respir. Cell. MoL Biol. 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et al., 
1992Schwei2. Med. Wochenschi^ 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al- 1993 Am. Rev. Respir. Pis 148, 1623-7). In a separate study guinea 
pigs chall nged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et al., 1 993 Am. Rev. Resnir. Pis. 1 47, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay, 1991 J. Allerov Clin. Immur^ 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in. the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al., 1993 in Immunopharmacol. Eosinophils e d. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al„ 1993 
SUfi£a). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 



Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allerov Clin. Immunol. 85, 422). 



( 

WO 95/23225 



PCT/E895/0O156 



33 

L-Tryptophan-associated sinophllia-myalgia syndrome 
(EMS)- Th EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et aL, 1993 J Invest. Dermatol. 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that lL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et al., 1993 supra) by activating eosinophils and other 
inflammatory cells. 

1 0 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

1 5 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al M 1993 
supra ) and can be used to optimize activity. 

Example 3: NF-kB 

Ribozymes that cleave r&l A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interieukin-1 (IL-1) or tumor 
niecrosis factor-a (TNF-ct) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription f a variety of other 
35 cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-KB1 genes, respectively) are generated from the precursors 
NF-KB1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Acad. Sci 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB 1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with TaM to 
activate transcription of the HIV genome, while NF-KB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, GJ. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mol. Cell. Biol. 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M J. Lenardo, D. Baltimore, 
1989 Call 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out* mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oligonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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be n used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (I. 
Kitajima, et al., Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1 993 Mot. Cell. Biol . 13,61 37-46). 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mol. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exp. Med. 179, 503-512) on 
endothelial cells. 

10 »NF-kB is involved in the induction of the integrin subunit, CD 18, and 

other adhesive properties of leukocytes (Eck et al M 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

1 5 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 J. Biol. 
QhsnL 269, 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sci USA 91, 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id.). 

Ribozymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. Th se 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3* in 
the tables.) While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

1 0 By engineering ribozyme motifs we have designed several ribozymes 

directed against re/ A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1, IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Ret A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or relA mRNA by more than 
50% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 
introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-reM ribozyme or a gene 
construct that constltutlvely xpresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (BJ. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B, L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et al., 
supra. K. O'Brien, et al., J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
1 0 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 •Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave ret A mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and thqre are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al. ( supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNF-« 

Ribozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
1 0 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554), The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-6 (Shakhov et al., 1990 

20 J. Exp, Medt 171,35-47). Both TNF-a and TNF-3 bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al. a 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necrosi s Factor: Stmrt M r f , 
Faction, and Mechanism Of Action B. B. Aggarwal, J. Vilcek, Eds. Marcel 
Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al M 1988 £&U 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (Tracey & 
Cerami ( 1992 Am, J. Trop. Med. Hyg . 47, 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
5 cleavage sites [Sioud et aL, 1992 J. Mol. Biol. 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB J. 4. A1860; 1991 
slide presentation U. Leukocyte Biol, sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-ct ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
1 5 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3' in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24,. lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
30 study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (S'-GGCCGAAAGGCC- 
35 3') can be altered (substitution, deletion, and/or insertion) to contain any 
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form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (S'-CACGUUGUG-S') can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-o RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al„ 1992 
CiWlatiQP, 86, I-473.; Nabel et al. t 1990 Science . 249, 1285-1288) and 
1 5 both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-<* RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-o mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, prim r extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion ar 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated, in addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
1 5 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene "construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml.) was injected i.p. into 6 week old female 
C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 

30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous* activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 0 5 /well in 96 well plates (Costar, Cambridge, MA.) with Eagles 

35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After'adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase, 

Transf action ofribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages: 

Supernatants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C. Quantitation of TNF-a was done by a 

15 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supernatants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2 ( 5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra : Williams et al. f 1992 
PrOC, Natl, Acad, Set, USA 89, 9784-9788; Jacob, 1992 J. Autoimmun. 5 
(Supp. A), 133-143]. 
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Seotic Shock 

Septic shock is a complication of major surgery, bacteria! infection, 
and polytrauma characterized by high fever, increased cardiac output, 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal antiinflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%. due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

1 0 200.000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-ct, interleukin-16 (IL-1B), r interferon (IFN-y), interleukin-6 (IL- 

15 6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2. C3a and C3d also reach high levels (de 
Boer et al., 1992 Immunopharrnaflnlogy 24, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supia). In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 Science 229, 869-871); in contrast, 
injection of 11-1 B, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-1B, IL-6, IL-8, PgE 2 , acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 

25 sucia). in animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-o antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 

Rheumatoid Arthritis 

30 Rheumatoid arthritis (RA) is an autoimmune disease characterized by 

chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 

35 contain elevated levels of TNF-a, IL-1a and IL-1 B, IL-6, GM-CSF, and TGF- 
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B (Abney et al., 1991 |mm, Pey, 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1o/B production by these 
cells to undetectable levels (Abney et ah, 1991 Supra) . Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-I3, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 

1 0 specimens clearly demonstrate the production of TNF-a, IL-WB, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31, 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-G have 

15 been shown to be . fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol. 89, 244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, IL-1a/B, 
H-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
1 992 Proc, Natl, AMd, Sci, USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immun cell infiltrate (Kupper, 1990 »L 
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Clin, Invest, 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-Iymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD47CD8* are also present, B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Dermatol 1Q. 917) 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-1B, IL-1ra, IL-6, IL-8, IFN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been observed (Reeves, 1991 aiesl. This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-a, IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 etal., 1991 AEM1S99, 58-64). 

Nickoloff et al., 1993 U Dermatol Sci. 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-1a, IL-1B, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
immunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyt - 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production, 
IFN-y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum litres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
1 5 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by conv rting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporins are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. Ther 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
o and TNF-B levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carinii, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supja). In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J, Virol, 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ c lis both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et al., 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
1 0 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

1 5 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Trap. Med. Hvg 47, 2-7), increased 
autoimmune disease (Jacob, 1992 ?ypra), lethargy, and immune 
suppression in animal models (Aderka et al M 1992 Isr. J. Med. Sg, 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (B.J. Roessier, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

1 5 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum corneum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et al., 1993 SuoraK 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 *Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetim s in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave TNF-a mRNA 
and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Examples: D210bgfcabl 

Chronic myelogenous leukemia exhibits a characteristic disease 
course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a ceil with a less differentiated phenotype (L^, the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busuifan can reduce the 
leukemic burden but do not impact the life expectancy of the patient (e.g. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
which survive BMT, disease recurrence remains a major obstacle 
(Apperiey et al., 1 988 Br. J. Haematol. 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 
25% of all cases of acute lymphoblastic leukemia ((ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Qenett Cvtoqenet, 11, 316J. In virtually all PMfrositive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 
junction) from th major breakpoint clust r region of th bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman t al M 1987, Q\QQ(f 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al M 1989 Proc. Nat. Acad. ScL 1J<^ 86, 4259; 
5 Heisterkamp et al., 1988 Nucleic Acids Res. 16, 10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p2\0 bcr ' abf ) in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p210^ cr " a ^ expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al., 1991 
Science 253, 562). 

15 Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5* AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et al., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
V!YQ administration to reduce the tumor burden, or ex vivo treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the bcr mRNA or 
the 3' portion of the abl mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et al.. 1 992 supral is an in tfl£2 transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ax vivo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210* ?cr " a * j/ 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
1 0 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5 # to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

15 The sequences of the chemically synthesized ribozymes most useful 

in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 

20 hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 

25 ribozymes described specifically in the Tables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abi mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

30 The ribozymes are tested for function in vivo by exogenous delivery to 

cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
xpression from DNA vectors. Expression of bcr-abl is monitored by 
EUSA, by indirect immunofluor sence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p21Q bcr ' abl ) protein and mRNA by 
more than 20% are identified. 

5 Examples; RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
1 5 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 -300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected ceils and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al. f Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH) ( and two nonstructural proteins [NS1 (1C) and NS2 (1B)J found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik et a/., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1B ( N, P, M ( SH, G, F, 22K and L genes (Huang 
et a/., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 
determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 
in the sequence for the extracellular domain (Johnson et al., 1987, Proc. 
Natl. Acad. Sci. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations and 4500 
deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 
and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam et a/., 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et a/., 
1 0 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et a/ M 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990, (eds. GJ. Galasso, RJ. Whitley, and 
T.C. Merigan) Raven Press Ltd., NY.], Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, RJ. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

35 Jennings er a/., WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecul s 
described are targeted to the NS1 (1C) t NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

1 5 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22K and L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially or is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to ceils in culture and to ceils or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C, 1B, N, P, M, SH, 22K, F, G, 
and L) are essential for viral life cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et al., 1987 supra).. RSV proteins 1C, 1B and N 
1 0 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also. 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman ef 

25 a/., 1987 J. Am. Chem. Soc, 109, 7845-7854 and In Scaringe et al., 1990 
Nucleic Acids Res., 18, 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3'-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 G5 and a U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck, 1989, Methods Enzymoi 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2'-amino, 2'-C-allyl, 2'-flouro, 2'-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

1 0 hammerhead ribozymes listed in Tables 32 and 34(5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

15 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous common cell lines can be infected with RSV for 
25 experimental purposes. These include WeLa, Vero and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identifi d. 
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Optimising Rit?<??yme Activity 

Ribozyme activity can be optimized as described by Draper et al. t PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et a/., International Publication No. 
WO 92/07065; Perrault et a/., 1990 Nature 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Biocham. Sci. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 
10 Rossi et al. ( International Publication No. WO 91/03162, as well as 
Jennings et a/., WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 
15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 
those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicle combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 
Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et al., 
supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (po! II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 



20 



25 



30 



WO 95/23225 



PCT/IB95/00156 



62 

pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (Elroy-Stein and Moss, 1990 Proc. Natl. Ac ad. Sci. USA . 87, 6743-7; Gao 
and Huang 1993 Nucleic Acids Res.. 21, 2867-72; Lieber et al., 1993 
Methods EnzvmoL 217, 47-66; Zhou et al., 1990 Mol. Cell. Biol.. 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal M 1992 Antisense Res. Dev.. 2,3-15; Ojwang et al., 1992 Proc. Natl 
Acatir S<?i- USA, 89, 1 0802-6; Chen et al., 1992 Nucleic Acids R ?? 20, 
4581-9; Yuetal., 1993 Proc. Natl. Acad. Sci. U R A fln macua- L'Huillier 
et al., 1992 EMBQ J, 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. Acad. 
Sci, Ur S, A„ 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur. J, BiQChem, 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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using multiple ribozymes describ d in this inv ntion, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g.. multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in aire uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1, 
relA, TNF-a, p210, bcr-abl or RSV related condition. Such RNA is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNFoc, P 210bcr-abl or rsv) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

II. Chemical Synt hesis Of Rlbozymes 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time r that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (i.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryi for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH3/EtOH 

25 (ethanolic ammonia) for 20 h at 65 °C. In the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2 , -hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaring et al. Nucleic Acids Res, 
35 1990, 18, 5433-5341. Th purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+ Li+ etc. A 
1 0 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (see Tables 39-41) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1- Using 5-S-alkyitetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxy!, cyano, alkoxy, =0, =S, NO2, halogen, N(CH 3 ) 2 , 
amino, or SH. The term "alkyl" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
1 0 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or 
N(CH3>2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An M aryl u group refers to an 
aromatic group which has at least one ring having a conjugated n electron 

1 5 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryr group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester* refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2. Using 5-S-alkyltetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl is preferably methyl, ethyl, 
35 propyl or butyl) or NH 4 OH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using Nh^OH/EtOH or 
NH3/EtOH, vide supra). Oth r alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine*hydrogen fluoride (aHF»TEA) 
5 9 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl alkylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEA*3HF for 24 h (Gasparutto et ai 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alky!amine«HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NA100®, Mono-G®, Poros- 
Q®. 

Thus, the invention features an improved method for the coupling of 
1 5 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2 , -hydroxyl alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above (e.g., with substituted 2 , -groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules {e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et al., PCT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkaii perchlorat salts. This system may b 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5'-trityl-on or 5- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
1 5 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 jim, preferably 5 ixm. 

Activation 

The synth sis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the us of tetrazol as an 
35 activator of RNA phosphoramidit s is known (Usman et ai J. Am. Chem. 
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Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound S'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7: Synthesis of RNA and Ribozvmes Using 5-S-A lkvltetrazoles 

?s Activating Agent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et al. a 1987 supra and in Scaringe et al. f 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
S'-end, and phosphoramidites at the 3*-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 jimo! scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA, A 6.5-fold excess (162.5 [iL of 0.1 M = 32.5 jimol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 nL of 0.25 
M = 100 junol) relative to polymer-bound S'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% M-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 nmol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2'-Omethylated RNA. A six-fold excess (1 .5 mL of 0.1 M = 150 jxmol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 |imol) relative to polymer-bound S'-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 3902, determined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 390Z: Detritylation solution was 
5 2% OCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2 ( 6-lutidine in THF; 
oxidation solution was 16.9 mM l2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH 4 OH/EtOH:3/1 (Usman etal. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NH3/EtOH (Scaringe et a/. Nucleic Acids Res, 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH40H/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozvme Deorotectton of Exocvclic Amino 
20 Protecting Groups Using Methvlamine lMk\ or NH ^OH/Methvlamina fAMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH40H/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine yvere pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H20/3:1 :1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamin r ag nt. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The s cond step of the deprotection of RNA molecules may be 
accomplish d by removal of the 2'-hydroxyl alkyisilyl protecting group 
using TBAF for 8-24 h (Usman et ai J. Am. Chem. Soc. 1987, 109 t 7845- 
7854). Applicant has determined that the use of anhydrous TEA»HF in A/- 
5 methylpyrrolidine (NMP) for 0.5-1.5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9: RNA and Ribozvme Deprotection of g-Hvdroxyl Allcy| ff i|y[ 
Protecting Groups Using Anhydr ous TEA'HF 

To remove the alkyisilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 \iL of 1.4 M anhydrous HF 
solution (1.5 mL /V-methylpyrrolidine, 750 pL TEA and 1.0 mL TEAOHF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkyisilyl deprotection. 

Example 10: HPLC Purification. Anion Excha nge column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCICU). A gradient from 180-210 mM NaCIC>4 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCI04 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at £80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H2O to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucieoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

1 5 column. The column was thoroughly washed with 20 mM NH 4 CO3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH 4 CO3H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH3CN. 
buffer A = 20 mM NH 4 CO 3 H/10% CH3CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H 2 0 again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme (vide supra), 

30 Example 1 1 Ribozvme Activity Assqy 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 \iM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 jxL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
were removed at time points of 1 , 5, 15 ( 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One oot daorotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

1 0 prior to the deprotection of the sugar 2*-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 nmol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA»3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fig. 13 . hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fi g. 14. hammerhead ribozymes targeted to site B (from 
30 Fig. 131 are tested for their ability to cleave RNA. As shown in the fioure 14 . 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a:imnroved protocol forth* synthesis nf ph osohorothioate 
containing RNA and ribozvmes using 5-S-Alk vltetrazol«s as A^jMin g 
Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1 ,2-benzodithiol-3- 
one 1,1 -dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides, Beaucage reagent is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bioorganic Med. Chem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2'-deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et al., 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3"-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al„ 1990 
Tetrahedron Letter 31, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the use of an activating agent, 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for's min. 
Additionally, for those linkages which are phosporothioate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1,2-benzodithiole-3-one 
1,1-dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modified 2.5 u/nol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for 2'-0-methylated 
RNA. A 6.5-fold excess (1 62.5 u.L of 0.1 M = 32.5 umol) of phosphoramidite 
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and a 40-fold excess of S-ethyl tetrazole (400 p.L of 0.25 M = 100 ^mol) 
relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer: detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
10 bottle. S- Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PS/Total) 1/n-1 

1 5 where, PS = integrated 31 P NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5' end. 
25 RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the synt hesis of 2'-N-phtalimido-nudsnfiida 
phosphoramidite 

30 The 2'-amino group of a 2'-deoxy-2'-amino nucleoside is normally 

protected with N-(9-flourenylm thoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 supra; Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry form during 
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prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of 2'-deoxy-2'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2V 
aminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem. Res. 1979, S, 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Nef ken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selectiv 
introduction of N-phtaloyl group without acylation of 5' and 3 ! hydroxyls. 

When 2'-deoxy-2 , -amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with EfcN (1 hour) only 10-15% of N and 5'(3')-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivativ 
15. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytilation by DMTCl/Et3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2'-amino 
nucleoside, for example 2-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo overnight. 50 mis of Aidrich sure-seal Dmf was added to the 
dry 2'-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 jil of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 \i\ (1.5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1 HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2'-deoxy-2'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'-deoxy-2 , -amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were either 

15 protected with Fmoc or Pht t was identical. Additionally, complete 
deprotection of 2 , -deoxy-2 , -amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM Group 

20 There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2'-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman.N.; 
Ogilvie.K.K.; Jiang, M.-Y.; Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe.S.A.; Franklyn,C; Usman.N. Nucl. Acids Res. 
1990, 18, 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally required to fully remove this - 
protecting group from the 2*-hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe.SA; Franklyn.C.; Usman.N. Nuci Acids Res. 1990, 
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18, 5433-5441 and Stawinski.J.; Stromberg.R.; Thelin.M.; Westman.E. 
Nucleic Acids Res. 1988, 16, 9285-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3«OEt2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
15 various positions by methods well known in the art, e.g., as described by 
Eckstein et a/., International Publication No. WO 92/07065, Perrault et a/. ( 
Nature 1990, 344, 565-568, Pieken et a/., Science 1991 , 253, 314-317, 
Usman.N.; Cedergren,R.J. Trends in Biochem. ScL 1992, 17, 334-339, 
Usman et al., PCT W093/15187, and Sproat,B. European Patent 
20 Application 921 10298.4 . 

This invention also features a method for covalently linking a SEM 
group to the 2 , -position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF3<)Et2) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 18 . there is shown the method for solid phase 
synthesis of RNA. A 2\5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2'-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 19 . there is shown the synthesis of 2'-0-SEM 
5 protected nucleosides and phosphoramadifes. Briefly, a 5'-protected 
nucleoside (1) is protected at the 2 1 - or 3*-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2'- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 2Q, a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 f the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of 2 , -0-mrimQthvlsil vnethQxvm 6 fhvn-5 , -0- Di- 
methoxvtritvl Uridina (fl 

Referring to Figure 19, S'-O-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH3CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
CI) (487 ^L, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Example 15; Synthesis of 2 , -0-mrimethvlsilvn6thn xvmethvn Uridine (4) 

Nucleoside 2 was detritylated following standard methods, as shown 
in Fiqyrs 19 t 
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Example 16: Synthesis of 2 , -0-f(trimethvlsilvnethoxymflth vn.5 , .3'-0-Acetvl 
Uridine 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19. 

5 Example 17: Synthesis of 5'.3'-O.Acet vt Uridine (6* 

Referring to Figure 19. the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH3CN (700 ul) and BF3»OEt2 (17.5 jiL, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH2CI2) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of 2 , -0-rftrimethvlsilynet hoxvmethyl^.a'.r)L 
Succinvl-5'.Q- Dimethox vtritvl Uridine (21 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. 

15 Example 19: Synthesis of 2'.O.fftrimethylsilvnethoyym ethvn.5'.OL pj. 
methoxvtritvl Uridine 3'.(2-Cvanoethvl A/.JV-diisap ropvlphosphpramiHit^ 
131 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19. 

20 Example 20: Synthesis of RNA Using 2'-Q-SEM Pmtertinn 

Referring to Figure 18 . the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe,S.A.; Franklyn.C; Usman.N. Nucl. Acids Res. 

25 1990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 fimoi 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 \lL of 
0.1 M s 32.5 u,mol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 \± of 0.5 M ■ 200 umol) relative to polymer-bound 5-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%. 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EtOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3»OEt2 
(2.5 jiL, 30 iimol) was added to the solution and aliquots were removed at 
10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

IH. VeptQrs expressing Bifrwymeg 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5' ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow production of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et ah, PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA t formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is plac d on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 
1 0 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3' side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cl ave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 
5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmid, 

1 0 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

1 5 of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferr d embodiments, three diff rent ribozym motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem. 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self* 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al. ( 1990 supra : 
and Altschuler et al., 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozyme 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

15 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2 l -0-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be Isolated from bacterial or 
eucaryotic cells by routine procedures such as lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5' cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3* 
5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is in a stem structure recognized by 
1 0 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Design of self-Dro cessino cassettes 

30 In a preferred embodiment, applicant compared the in vitro and in 

vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 



( 

WO 95723225 



PCT7IB9S/00156 



87 

all the ribozyrhe cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
(Figure 23-25). For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

1 0 A sequence predicted to form a stable stem-loop structure is included 

at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck. 1989 Methods 
Enzvmc/I, 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et al., 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 

15 initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 

20 other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(5^CUGGAGUC>GACCUUC-»3'). The 5' binding arm of the ribozyme, 5'- 

25 GAAGGUC-3', and the core of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3', remain constant in all cases. In 
addition, all transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 

30 identical ribozyme lacking the 5* hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3' end of the trans- 

35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, 5'-ACUCCA(+/-G)-3\ complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3 1 binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3' binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et aL, 
10 1990 supra) which remain on the 3' end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) . A 
tetra-loop at the end of helix 1 (3* side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a G-U wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabilization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al. f 1992 Genes & Dev. 6, 129; 
Chowrira et aL, 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Figure 24V Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 241 by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemistry 30. 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig 25 ) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3' end after self-processing. The HDV sequence used 
here is based on the anti-genomic s quence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et al., 1992 ( Biochemistry 31, 
1 1843) in which cis-cleavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 25) . 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the 77 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (sea Fig. 26) . The single- 
strand portions of annealed oligonucleotides were converted to double- 
10 strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into EcoR f/H/ndlll-digested pud 8 and transformed into E. cofi strain DH5a 
using standard protocols (Maniatis et al., 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra : 
Chowrira & Burke, 1991 Suaia). In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 \iC\ [y-3 2 P]GTP. 200 \iM each NTP and 0.5 to 1 \ig of 

25 linearized plasmid template. The concentration of MgCl2 was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [y-^P]GTP to generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the releas d trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg 2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Fig. 26). The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/Vidlll-digested template). 220 
nucleotides (A/del digested templates) or 454 nucleotides of downstream 
sequence (Real digested template). 

As shown in Figure 27. ail four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et ah, 1990 supra) 
have been changed in the HH(mutant) core sequence (see Figure 23 ) and 
so this transcript is unable to undergo self-processing (Fig. 27) . This is 
evidenced by the lack of a released 5* RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

1 5 trans-ribozyme (fjg J _27) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reactipn 

H/ndlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM TriS'HCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 \iM CTP; 40 *iCi (a-32p]CTP; 12 mM MgCfc; 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/jil). Aliquots of 5 \i\ were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software, Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = ^ (l-e*^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl. Acad. Sci. USA 
91, 6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end (see Figure 23-251. By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 441 . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al., 1990 supra : Chowrira & 
Burke, 1991 supra). The rate of HH self-cleavage during transcription 
measured here (1.2 min" 1 ) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different Stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra ). This 

35 decrease likely reflects the difference in protocol as w II as the presence of 
5' flanking sequence in the HDV construct used here. 
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Example 24: Effect of downstream seque nces on trans-cleavage in vitro 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3* ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
10 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3 1 ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer 

To make internally-labeled substrate RNA for trans-ribozyme 
1 5 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [a- 32 P]CTP (Chowrira & 
Burke, 1991 fiucia). The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanoL The dried pellet was resuspended in 20 mJ 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1^tM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris-HCI pH 7.5 and 10 mM MgCfc) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 \i\ were taken at regular time intervals, 
30 quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale, 
CA). 

35 The HH trans-acting ribozyme cleaves th target RNA approximately 

10-fold faster than the AHDV transcript and greater than 20-fold faster than 



WO 95/23226 PCT/IB9S/00156 



93 

the HH(mutant) transcript ( Eaure 28) . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Figure 23) . This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self- processing in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse ceil line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Stein and Moss, 1 9go 
Pros, Natl, Acad, Sci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-weII plates with - 5x1 0$ cells/well. 
Cells were transfected with circular plasmids (5 ^g/well) using the calcium 
phosphate-DNA precipitation method (Maniatis et al., 1982 supraV Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 ^l/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
Anal. Biochem. 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chloroform:isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 jig/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2 + and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/jxl; BRL) in a buffer containing 50 
mM Tris-HCI pH 8.3; 10 mM DTT; 75 mM KC(; 1 mM MgCfc; 1 mM each 

10 dNTP, The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, S'-CTCCAGTTTCGAGCTTT-S'; HDV primer, 5'- 

15 AAGTAGCCCAGGTCGGACC-3'; HP primer, 5*- 
ACCAGGTAATATACCACAAC-3\ 

As shown in Fi gure 29. specific bands corresponding to full-length 
precursor RNA and 3* cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 'In Vitro +MgCl2" vs. "Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (Figure 29^ The latter result strongly 

30 suggests that the primer extension band corresponding to the 3' cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 
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metal ions such as Mg 2+ and Ca 2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3' cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 lysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2+ required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis (Figure 29. in vitro *-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCl2 prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure pq in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the pr sence of unlabeled primers) and 
analyzed to determine the extent of self-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH ( HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

1 5 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

IV, Ribozymes Expressed bv RNA Polymerase 111 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III) based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non- Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
exampl , tRNA (Hall et al„ 1982 Cell 29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Acids Res. 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22 ( 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et al., 1993 J. 
BioL Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Ce//67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5' 
and 3' ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

1 5 accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g.. a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5' terminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxy! or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5' or 3' from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By '3 1 region" is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3' region can b 
designed to include the 3 1 terminus. The 3' region therefore is > 0 
nucleotides from the 3 1 terminus. For example, in the S35 construct 
described in the present invention (Fig. 40^ the 3* region is one nucleotide 
from the 3' terminus. In another example, the 3* region is - 43 nt from 3' 
1 0 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 100 bases of the 3' terminus. 

By "tRNA molecule" is meant a type 2 pol III driven RNA molecule that 
1 5 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3' 
region and complementary 5* terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of th ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 



c 

WO 9SV23225 



c 



PCT/IB95/00156 



99 

recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By 'desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al M 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 ^American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

1 5 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et a!., 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et al., 1992 Proc. Natl. Acad ScL USA 89 ( 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3* 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 1 5 or 1 6 base pairs. 

15 In preferred embodiments, the 5* terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3' region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with th portions of the vector encoding 
the RNA functioning as a RNA pol 111 promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et al M 1993 P.A/.AS.(USA) 90, 6340- 

15 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol III promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of th 
integration site. 
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Pol III System 

The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj met gene and 
termed A3-5 (Fi g. 33 : Adeniyi-Jones et al., 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 Moi Cell Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et aL, 1990 Moi Celt. BioL 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 MoL Cell. 

10 Biol. 10 t 6512-6523; Sullenger et aL, 1990 Cell 63, 601-608; Sullenger et 
al M 1991 J. Virol. 65, 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

15 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHt) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fig. 34) . On average, 

20 ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fi g, 34) . One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be ffective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin. Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629), 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to complementary 
nucleotides at the 5' terminus, which includes the 5* precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
1 0 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

1 5 The use of a truncated human tRNAj met gene, termed A3-5 (Fig. 33 : 

Adeniyi-Jones et al., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullengeret al., 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj^t sequences. The truncated tRNA genes were placed 
into the U3 region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et al., 1990 supra). 

B9S9-Pqir9d Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as H A3-5/HHI B ) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Fig, 35). To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements (Fig. 34 1 
into one of the ribozyme chimeras (A3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3 1 end, and S5 which contains stem-loop structures at both ends of the 
transcript (Figure 34) . The second strategy involved modification of the 3' 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3* end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj m0t domain, yd S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras /Figure 34) . These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer eel! lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nara 
& Fischinger, 1988 supra) cell lines were established {Curr. Protocols Mol. 

1 5 Biol. 1 992 f ed. Ausubel et al., Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 40-47 . 

Referring to Figure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and 51 . 

Example 26: Cloning of A3-5-Ribozvme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5* GATCCACTCTGCTGTTCTG 1 1 I I I GA 3* 
30 and 5* CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 \iM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a doubl - 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCfc, 50 mM NaCI, 0.5 
mM ach of the four deoxyribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamH\ and Mlu\) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCfc, 10 mM DTT, 0.066 \iM 
ATP and 0.1U/nl T4 DNA Ligase (US Biochemicals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°C for - 18 h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al., Curr. Protocols Mol. 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sactt and BamH\ restriction sites. 

Example 27: Northern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al M Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed (Fio. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure as .as) . The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. 35.361 , The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35.36) . 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Fig. 35.361. This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 371. Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line {Curr. Protocols MoL Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured ( Figure 38 and 39 ) 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by North rn analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 11,000 molecules per cell in clone H (Fig. 
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The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled th I vel measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

1 5 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to prdpogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31; Design and construction of TRZ-t RNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif fFioure 521. A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fig. 53-54 . a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 531 and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fig. 551 . Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TR2- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-4 7 and 50 - 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
1 0 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozvme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectivelyt expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metj tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Lioated Ribozvmes are catatvticallv antiva 

The ability of ribozymes generated by ligation methods, described in 
Draper et al., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA fFio. Sffl or long (622 nt) RNA (Fin. 59. 60 and R1) 

Matched substrate RNAs were chemically synthesized using solid- 

1 0 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Adds Ras 
18, 5433-5441). Substrate RNA was 5' end-labeled using [y-32p] ATP and 
polynucleotide kinase (Cunr. Protoc ols Mol. Biol. 1992, ed. Ausubel et al., 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (keat/KM; Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCfe. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 fxl were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fig. 58. -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supia). RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally lab led during transcription by including [a-32pj CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1, following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in OEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (kcat/KM) 
conditions [Herschlag and Cech 1990 SMEial. Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2- The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 jxi were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozvmes with > 2 base-oaired stem II are 
catalyticallv active 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme (2 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et aL 1990 supra) . 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures . 
62. 63 and 64 . data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with > 2 base-paired stem II region 
are catalytically active. 

30 Example 35: Synthesis of catalytically active hairpin ribozymes 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5' and 3 1 fragments. The 3' 
fragments are phosphoryiated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Fi gure 65 . the 3' and 5' 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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30 



GAAA sequence. When this structure hybridizes to a substrate a 
nbozyme-substrate complex structure is formed While helix 4 is shown'as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

- 4 ° " M mixtures of ligated ribozymes were incubated with 1-5 nM 5" 

> end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tnsmc. pH 7.5, 10 mM MgCI 2 and shown to cleave the substrate 
efficiently (Fjg^fifi). 

The target and the ribozyme sequences shown in Fig. 62 »nH ** are 
• .eanUo b9 n o, MingflX a m p,e S . Those in the art 3^SS?£ 
other embedments can be readily generated using other sequences and 
techniques generally known in the art. 

V " Constructs nf Hflfrpj n mho*^ , 

nflw J h i ere / ,0,,ows a " •mpnwd trans-cleaving hairpin ribozyme in which a 
new hel.x (,..., . sequence able to form a double-stranded region with 
another smgle-stranded nucleic acid) is provided in the ribozyme to base- 
pair with a 5' region of a separate substrate nucleic acid. This helix is 
provided at the » end of the ribozyme after heiix 3 as shown in^ 
add, on a least two extra bases may be provided in helix 2 anTa^ion 
of the substrate corresponding to helix 2 may be either directly linked to the 
5 portion able to hydrogen bond to the 3' end of the hairpin or may have a 
Imker of atleast one base. By trans-cleaving is meant that the ribozyme is 

.ltd 0 ,"; T S l ° C,8aVe an ° th9r RNA m0,9CU,e Which is "* Gently 
l-nked to the nbozyme rtself. Thus, the ribozyme is not able to act on itself 
m an intramolecular cleavage reaction. 

By "base-pair" is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
tradit.onal types (for example Hoogsteen type) of interactions. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) has several advantages. These include improved stability of the 
nbozyme-target complex in vivo . In addition, an increase in the 

rrr n s T e H quen r of the hairpin ribo2yme improves *• ***** °< •» 

nbozyme. Th.s also makes possible th targ ting of potential hairpin 

RECTIFIED SHEET (RUtF 7|) 
ISA/EP 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu et a/., 1993 Nucleic Acids Res, 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation {in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

1 5 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-cc) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72 . HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI, Chemical Mo<Wl<?atlon 

Oligonucleotides with 5'-C-alkvl Group 

The introduction of an alkyl group at the S'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to Fig. 75 . the general structures of S'-C^alky I nucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(R<i = CH3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of S'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, S'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramoleculariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are S'-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the S'-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if a 5'-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5'-C-alky!nucleosides, that 
is a nucleotide base having at the 5-position on the sugar molecule an 
alkyl moiety. In a related aspect, the invention also features 5-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, th invention preferably 
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includ s all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar 

5 Examples of various alkyi groups useful in this invention are shown in 

Figi^ 75, where each Ri group is any alkyl. These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxy!, cyano, alkoxy, 
=O f =S, N0 2 or N(CH 3 )2, amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S, NO2, halogen, N(CH 3 )2, amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxy!, cyano, alkoxy, =0, =S, NO2 or N(CH 3 ) 2f amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl* group refers to an 

30 aromatic group which has at least one ring having a conjugated jc electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxy!, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl f alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

1 0 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5'-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a S'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5'-position an alkyl 
group. In other related aspects, the invention features 5'-C-alkyInucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The S'-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the Figures. 

While this invention is applicable to ail oligonucleotides, applicant has 
found that the modified molecules of this invention are particulary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 



c 



WO 95/23225 PCT/IB95/00i56 



116 

molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Fi gure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Fi gure 1 . the preferred sequence of a hammerhead ribozyme 
in a 5'- to 3-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of S'-C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5 -C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Rib ozvmes Containing S'-C-Alkyl- 
nucleotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman,N.; Ogilvie,K.K.; Jiang.M.-Y.; 

20 Cedergren f RJ. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,SA; Franklyn.C; Usman.N. Nucleic Acids Res. 1990 p 18 t 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the S'-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5-C-alkyl substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl-2.3-0-lsoDroovlidine-6-DeoxY .B-D-allofuranQ<;irifl (A) 

30 A suspension of L-rhamnose (100 g, 0.55 mol), CUSO4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residu was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C A solution of p-toluenesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL), sat. NaHCC>3 (2 x 300 mL), brine (2 x 300 
mL), dried over MgSCU and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Methvl-2.3-0-lsoDroDvlidine-5-0-f-ButvldiDhenvlsilvl-6- 
Deoxv-ft-D-Allofuranoside (5). 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgN03 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsilyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHC03 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgSCU and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-0-f-Butvldiphenvlsilvl-6-Deoxv-p-D-Allofuranoside 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF 3 COOH:dioxane:H20 / 2:1:1 (v/v/v f 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH4OH (140 mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH2CI2. Yield 
9.0 g (76%). 
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Example 41 : M6thyl-2.3-di-0>BQnzoyl-5-0-/-ButvldiDhenylsilyl-6-Deoxy-p- 
D-Allofuranoside (7^. 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 
5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 16 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL) dried over MgS04 
and evaporated to dryness. The product was purified by flash 
1 0 chromatography in CH2CI2 to yield 9,5 g (89%) of compound 7. 

Example 42: 1-0-Acetvl-2.3-di-0-benzovl-5-0-NB utvldiphenylqilyU6- 

Peoxy-B-P-Allofuranose f8), 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL) ? Ac 2 0 (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

1 5 cooled 0 °C. 98% H2SO4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHC03 and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS04, 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and p isomers). 

Example 43: 1 -(2 , .3 > -di-0-Benzovl-5'-0-f-Butvl diDhenvlsilvl-6 t -Deoxv>B-D- 
Allofuranosvnuracil (91 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CF3S03SiMe3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h ( concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat. NaHC03 (2 x 50 mL), brine (2 x 50 mL) 
dried ov r MgS04, and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH2CI2. Yield: 
35 5.7 g (80%). 



WO 95/23225 



( 



PCT/IB9S/00156 



119 

Example 44: /^•Ben20vM-f2'.3 , .Di.O.Ben2o v|.5'.O.f.Riit v ldiDhenvlsil v l.fi'. 
Deoxv-B.D.AIlQfiira nosvl)CvtQsine f10l. 

A/*-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in diy CH 3 CN (100 mL), followed 
by CF3SOaSiMe3 (4.76 g. 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL). 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: A/6-Ben20vl-9-r2 , .3 , -di.Q.Bft n20vl.5'.O./.RutvldiphenvlsiM.fi'. 
Deoxv-B-D-Allofur anosvnadenine (i 1 V 

/vS-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) In dry CH3CN (100 mL) followed 
by CF3S03SiMe3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 11 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 2.7 g (60%). 

Example 46: A£-lsobutvrvl-9-f2' 3'. rii-0-Ben?Qvl.R'.Q-/.Butvldiphpnyifii|y |. 
30 6'-Deoxv-p.n -Allofuranosvnouanine /12V 

A/2-lsobutyrylguanine (1.47 g , 11.2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH3CN (100 mL) followed 
by CF 3 S0 3 SiMe 3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCC>3 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH2CI2. Yield: 2.1g (54%). 

Example 47: /vS.Benzovl.9-/2'.3 , .dl.Q.banzovl.R'- nQoxv.R.n.Allnfnr f 1P r. 
svnadenine MBl 

10 Nucleoside 11 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: /^-Benzovl-9-f2'.3'-di-Q-Be nzovl-5'-O.Dimetho)(vtriM.fi'- 
Deoxv-B-O-Allofuranosvn-adanine (1 9) 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH2CI2 (50 
mL). AgN0 3 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH 2 CI 2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: /vfi-Benzovl-9-f-S'-Q.DImeth o)cvtrrh/l.6'.nflnxv.B-D.AIIn. • 
25 furanosyhadenine f231. 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Example 50: A^>Benzovl-9-^5^0-Dimethox^ritvU2'>Q>Nbut vldimethylsilyl- 
S'-Deoxv-ft-D-Allofu ranosvnadenine (27). 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgN03 (0.4 g, 2.3 mmol) were added. After 
5 the AgN03 dissolved (1,5 h), f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgSCU and evaporated to dryness. The product 27 was 
10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : ^Benzovl^-f^'-O-Dimethoxv tritvl^'-O-NbutvldimethylsilvU 
6 l -Deoxy>p-D-Allofuranosvnadenine-3 , -f2-Cvano9thvl A/./V-diisopropyl- 
phosphoramiditel f3H. 

15 Standard phosphitylation of 27 according to Scaringe,S.A.; 

Franklyn,C; Usman.N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methvl-5-0-D-Nitrobenzovl- 2.3-0-lsoDroovlidine*6-deoxv-p-L* 
Tallofuranoside (51 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 75 mL), 
brine (2 x 75 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 



The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for us in enzymatic cleavage 
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or antisens situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site 0 were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCl2 as 
described above. 

Applicant has substituted 5-C-Me-L-talo nucleotides at positions A6. 
10 A9, A9 + G10, C11.1 and C11.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-0 1,2,4 and S showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Olioonucleotides with S'-Deoxv-y-Alkvlnucleotide 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2'-deoxy-2'-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are Z-deoxy-a'-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2'- 
alkylnucleotides, that is a nucleotide base having at the 2 l -position on the 
sugar molecule an alkyl moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 91, where each R group is any alkyl. The term "alky!" does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2'-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2 , -deoxy-2 t -alkylnucleotides 

25 (preferably not a 2*-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2 , -deoxy-2 , -alkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2'-position an alkyl group. In other 

30 related aspects, the invention features 2'-deoxy-2 , -alkytnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 2'-aIkyI derivatives of this invention provide enhanced stability to 
the oligonulc otides containing th m. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15,1, and 
1 0 from the 5'-end to base 2). Applicant has. found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5- to 3-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 2'-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2'-0-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et al. Biochemistry 1992, 31, 
5005-5009 and Paolella et aL , EMBO J, 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all 2'-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressiv nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2'-substitutions on stability and 
activity, a ratio 3 was calculated (Table 45). This 3 value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in 3 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2 > -C-alkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Ribozvmes Conta ining 2'-Deoxv- 
2'-Alkvlnucleotides & Oth er 2'-Modifie d Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang, M.-Y.; 
Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe.S.A.; Franklyn,C; Usman ( N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5'*end, and phosphoramidites at the 
3'-end (compounds 10, 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2 f -modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et al. International Publication No. WO 92/07065; and 5 Kois et al. 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2'-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvme Activity Assay 

Purified S'-end labeled RNA substrates (15-25-mers) and purified 5'- 
5 end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgC^. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmol of gel-purified S'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45 f 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: 3\5 l -Q-netraisopropvl-disilox ane-1 .3-divn-2'-P-Phenoxvthio- 
carbonvl-Uridine (7) 

To a stirred solution of 3',5'-0-(tetraisopropyl-disiloxane-1 ,3-diyl)- 
uridine, 6, (15.1 .g, 31 mmol, synthesized according to Nucleic Acid 
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Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAc:hexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: 3\5^0-(TetraisoDroovl-disiloxane-1.3-divlV2 , -C-Allvl -Uridine 

m 

To a refluxing, under argon, solution of S'.S^O^tetraisopropyl- 
disiloxane-1,3-diyl)-2 , -0-phenoxythiocarbonyl-uridine t 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: S'-O-Dimethoxvtritvl^'-C-Allvl-Uridine (9) 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chlorofomrmethanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: S'-O-Dimethoxvtritvl^'-O-Allvl-Urid ine V-fr-C^noeXhvl N.N- 
diisopropvlphosp horamidite) M01 

5'-0-Dimethoxytrityl-2'-C-allyMjridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,A/-Diisopropylethyl- 
5 amine (0.39 mL, 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/^diisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60; ^S'-O-rTetraisopropvl-disiloxane- l .3-divlU2^/Vf y UA/4. 
Acetvl-Cvtidine f11\ 

1 5 Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3\5'-0-(tetraisopropyl-disiloxane- 
1,3-diyl)-2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chloroformrmethanol / 
9:1) showed complete conversion of the starting material. The solution was 
evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Example 61: 5^Q-Dim ethoxvtriM-2'-^ 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: S^O-Dim etho^ritvl^'-C-allvl-Atl-Acetvl-Cvtidine 3'-(2- 
5 Cvanoethvl A/AZ-diisopropvlphosohoramidite) f12> 

2'-0-Dimethoxytrityl-2 , -C-allyl-/V 4 -acetyl cytidine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. /V,A/-Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl /V,A/-diisopropylchlorophosphoramidite (0.38 mL, 1 J mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 °C) and purified by flash 
chromatography on silica gel using chloroform:ethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2'-Deoxv-2'-Methvlene-Uridine 

2'-Deoxy-2 , -methylene-3 , ( 5 , -0-(tetraisopropyldisiloxane-1 l 3-diyl)- 
uridine 14 (Hansske.F.; Madej.D.; Robins.M. J. Tetrahedron 1984, 40, 125 
and Matsuda.A.; Takenuki.K.; Tanaka f S.; Sasaki.T.; Ueda.T. J. Med. Chem. 
20 1991, 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated. in vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-methylene-uridine (1 .0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH2CI2. 

25 Example 64: 5 , -Q-DMT-2'-Daoxv-2 , -Methvtone-Uridlne H51 

^-Deoxy^'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03, water and brine. The organic extracts were 
dried over MgSCU, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). 
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Example 65: 5'-frDMT-2'-De0XV-2 , -Methvlene.l]ri dine a'-Z^rivannathyl 
A/.AldiisoproovlphosDhoramidits^ M7\ 

l-ta'-Deoxy^'-methylene-S'-O-dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH 2 CI 2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL, 1 .6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m th 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
10 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
as eluant. Rf 0.42 (CH 2 CI 2 : MeOH / 15:1) 

Example 66: a'-Deoxv-a'-DifluoromethvlQne.a' S'.^ fTetraisonrnpv/iriisiinv. 
ane-1 .3-divn.LlririinB 

15 2'-Keto-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy-^-difluoromethylene-S'.S'-O^tetraisopropyldisiloxane-I.S-diyl)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2 , -Deoxv-2 , .Difluoromet hvlen6-Uridin fl 

25 ^-Deoxy^'-methylene-S'.S'-O-Oetraisopropyldisiloxane-I.S-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
2 , -Deoxy-2 , -difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH2CI2. 

Example 68: 5'-0-DMT.2'.D a0 xv.g'.Diflu 0 rom a th V | e n fl .Uridin fl fjfi ) 

2'-Deoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. The 
organic extracts were dried over MgSO^ concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 
yield S'-O-DMT^'-deoxy^'-difluoromethylene-uridine 16 (1.05 g f 1.8 
mmol, 45%). 

Example 69: S'-O-DMT^'-Deoxv -^-Difluoromethvlene-Uridine 3'-f2- 
Cvanoethvl A/.^diisopropvlph osohoramidite^ f18l 

1 0 1 -{2 , -Deoxy-2 , -difluoromethylene-5 , -C>dimethoxytrityl-p-D-ribofurano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl Af,A/-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine. as eluant Rf 
0.48 (CH 2 CI 2 : MeOH/ 15:1). 

20 Example 70: 2 , -Deoxv-2 > -Methvlene-3 , .5 , -0-fTetraisoD ro P vldisiloxan6-1 ,3- 
divlM-AZ-Acetvl-Cvtidine 20 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1 ,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2 , -deoxy-2 , -methylene-3 , ,5 l -0-(tetraisopropyldi- 

25 siloxane*l,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHCOa (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH2CI2 (2 x 100 mL) and wash d with 5% NaHC0 3 (1 x 100 mL). The 
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organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2 , -Deoxy-2 , -methylene-3' 1 5 , -0- 
(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 20 (1.3 g, 2.5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71 : 1 ^Deoxv^^MBthvlene-S'-O-Dimetho xvtritvNB-D-ribo- 
furanosvlM-A/-Acetvl-Cvtosine 21 

2 t -Deoxy-2'-methylene-3 , l 5-0-(tetraisopropyldisiloxane-1 I 3-diyl)-4-A/- 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2'-Deoxy-2 , -methylene-4-AA-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-methylene-4-/V- 
acetyl-cytidine (0.56 g, 1.99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

1 5 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03 (50 mL) t water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgSO^ concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1.5 mmol, 75%). 

Example 72: l-f^-Deoxv^'-Methvlene-S'-O- Dimethoxvtritvl-B-D-ribo- 
furanosvlM-AZ-Acetvl-Cvtosine 3 , -f2-Cvano ethvl-/V.A/-diisopropvlphosDhor- 
amidite^ (22) 

25 1-(2 , -Deoxy-2 , -methylene-5 , -0-dimethoxytrityl-p-D-ribofuranosyl)^-A/- 
acetyl-cytosine 21 (0.88 g ( 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
A/,/V-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 

30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (C^C&MeOH / 20:1). 



c 

WO 95/23225 



PCMB95/00156 



Example 73: ^^Deo xv^'-DifltJQromethvlene-a'.S'-CXTetraisoproDVl 
disiloxane-1 .3-di y IM-/V-Acetvl-Cvtidine (241 

Et3N (6.9 mL f 50 mmol) was added to a solution of POCI3 (0.94 mL ( 
10 mmol) and 1 ,2,4-triazole (3.1 g f 45 mmol) in acetonitrile (20 mL) at 0 °C. 
5 A solution of 2 , -deoxy-2 , -difluoromethylene-3 , ,5'-0-(tetraisopropyldisilox- 
ane-1,3-diyl)uridine 23 ([described in example 14] 2.6 g, 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH2CI2 (2 x 100 mL) and washed with 5% NaHC03 (1 x 100 mL). The 

1 0 organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHC03 (5mL), The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2 , -Deoxy-2'-difluoromethylene- 
a'^'-O-^etraisopropyldisiloxane-l^-diyO^-AZ-acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1 >(2 , -D eoxv-2 , -Difluoromethvlene-5 , -ODimethoxvtritvl-p-D- 
pt?Qf^ranp?yi)-4-A/"Ac9tyi'Cyt9?in9 (25) 

2 , -Deoxy-2 , -difluoromethylene-3\5 , -0-(tetraisopropyldisiloxane-1,3- 
diyl)-4-A/-acetyl-cytidine 24 (2.2 g ( 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-difluoromethylene-4-A/-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'- 
difluoromethylene-4-/V-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOs (50 mL), water (50 mL) and brine 

35 (50 mL). Th organic extracts wer dried over MgS04, concentrated in 
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vacuo and purified over a silica gel column using EtOAcrhexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol, 68%). 

Example 75: 1 ^2 , -Deoxv-2'-DifluoromethvlQne-5^0-Dimft^ o XV tritvl^-D- 
ribofuranosvl)-4-A/-Acetvlcvtosine a'-^-cvanoethvl-N.N^di^ nDroDvlphos- 
5 phorgmidifc) (26) 

^(^•Deoxy-a'-difluoromethylene-S'-Odimethoxytrityi-p-D-ribofurano- 
syl)-4-A/-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH2CI2 (1 0 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl /V,AAdiisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26 , a white foam (0.52 g t 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1% triethylamine, as eluant. Rf 0.48 (CH2Cl2:MeOH / 20:1). 

Example 76: 2'-Keto-3 , .5 , -Q-rr etraisopropvld?silo xane-1 .3-divn-6-A/-M-;- 
ButyltenzoyD-AdenQsiPg (28) 

Acetic anhydride (4.6 mL) was added to a solution of S'.S'-O-^etraiso- 
propyldisiloxane-1 f 3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (BrownJ.; 

20 Christodolou, C; Jones.S.; ModakA; Reese.C.; Sibanda.S.; Ubasawa A. 
J- Cham .Soc. Parkin Trans. /1989, 1735) (6.2 g ( 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS04 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2 , -keto-3^5 , -C^(tetraisopropyldisiloxane-1 ( 3-diyl)-6-/V-(4•^butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%), 

Example 77: Z'-Deoxv^'-methvlene^'.S^O-rrQtr aisoproDvldisiloxane-i a- 
divn-6-A/>(4>r-Butvlbenzovn>AdenQ5infl (2S\ 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1 .2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2'-keto- 
3\5'-CMtetraisopropyldisiloxane-1,3^ 
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28 (4,87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT ( stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL) ( and the solution was neutralized with a cooled solution of 2% HCi. 
5 The organic layer was washed with H2O (20 mL), 5% aqueous NaHC03 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (Na 2 S04), the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether:EtOAc / 7:3 afforded pure 2 , -deoxy-2 , -methylene-3 , ,5 , -0-(tetraiso- 
1 0 propyldisiIoxane-1 ,3-diyl)-6-A/-(4-f-butylbenzoyi)-adenosine 29 (3.86 g, 5,8 
mmol, 79%). 

Example 78: 2'-Deo xv-2 , -Methvlene-6-A/-f4-f-Butvlbenzovn-Adenosine 

2 , -Deoxy-2 , -methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/- 
(4-f-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2'-Deoxy-2'-methylene-6-A/-(4-f- 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 Cl2- 

20 Example 79: 5 1 -0-DMT-2'-Deoxv-2 , -Methvlene-6-/V-f4-^Butvlbenzovn> 
Adenosine (29) 

2'-Deoxy-2'-methylene-6-A/-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL) was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHC03, 
water and brine. The organic extracts were dried over MgSCU, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: 5^Q-DMT-2'>Deoxv-2'-Methvlene>6-A^f4-f-Butvlbenzovn. 
Adenosine S'-te-Cvanoethvl AAAldiisooroovlDhosphoramiditel (311 



1-(2'-Deoxy-2 , -methylene-5 , -0-dimethoxytrityl-3-D-ribofuranosyl)-6-A/- 
(4-f-butylbenzoyl)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchiorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 ml_). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine. as eluant (0.7 g, 0.76 mmol, 68%). R f 0.45 
(CH 2 CI 2 : MeOH/20:1) 

Example 81; 2'-Oeoxv-2 , -Dlfluorornethvlenft-3' v- 0-natra\*n m r v^»« rr 
10 ane-1.3-divh-6-A/.M.f.BiJtvlh ft nzovlVAd B nnsing 

2'-Keto-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4.f-butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL), and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 
15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH 2 CI 2 and chromatographed over silica gel. 2'- 

Deoxy-2'-difluoromethylene-3',5 , -0.(tetraisopropyldisiloxane-1 l 3-diyl)-6-/V- 
20 (4-f-butylbenzoyl).adenosine (4.1 g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82; 2'-Deoxv-2'-Difluoromethvlene.fi-A/.(4- f.Butvlhfln y nYi). 
Adenosine 

2'-Deoxy-2 , -difluoromethylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3- 
25 diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2 , -Deoxy-2 , -difluoromethyl- 
ene-6-/V-(4-f-butylbenzoyl)-adenosine (2.3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

EfflmPle 83; 5 , -C^DMT»2'-DflOXV.2'.Difl t iornm«t hvl fl nft.fi.A/./ 4 . f .p , !t y | - 
benzovn-Adflnrtfiirp ftp) 

2'-Deoxy-2 , -difluoromethylene-6-/V-(4-f-butylbenzoyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine, the 
5 organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 50% EtOAc:hexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5 , -0-DMT-2'>Deoxv-2'*Difluoromethv lene-6-jV-f4^ButyU 
benzovH-Adenosine 3W2-Cvanoethvl N. Aldiiso propvlphosphoramiditel 
10 (32) 

1-(2 , -Deoxy-2 , -difluoromethylene-5 , -0<limethoxytrityl-p-o-ribofurano- 
syl)-6-A/-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl A/.AWiisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 (CH2CI2: MeOH / 
15:1). 

Example 85: 2'-Deoxv-2 , -Methoxvcarbonvlm6t hvlidine-3 , .5 , -Q-fTetraiso- 
propvldisiloxane-1 .3-divn-Uridina (33^ 

Methyl(triphenylphosphoranylidine)acetate (5.4 g, 16 mmol) was 
25 added to a solution of ^-keto-^.S'-O-ftetraisopropyl disiloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL) f and the solution was 
neutralized with a cooled solution of 2% HC!. The organic layer was 
washed with H2O (20 mL), 5% aq. NaHCC>3 (20 mL), H2O to neutrality, and 
30 brine (10 mL). After drying (Na2S04), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether:EtOAc / 7:3 afforded pure 2 l -deoxy-2'- 

methoxycarbonylmethylidine-S'.S'-O-^etraisopropyldisiloxane-I.S-diyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: 2 , -DeQxv-2'-MQthoxvearbQnylm ethvlidinft.t]ri t <} n q 

EtaN»3 HF (3 mL) was added to a solution of 2'-deoxy-2'-methoxy- 
carboxylmethylidine-S'.S'-O-ftetraisopropyldisiloxane-I.S-diyO-uridine 33 
(5 g, '9.3 mmol) dissolved in CH2CI2 (20 mL) and Et3N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2 , -deoxy-2'-methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THRCH2CI2 / 4:1. 

Example 87; 5 , -0-DMT-2 , »Deoxv.2 , .MethQw ^rbonvlmflthylidine.Uridina 
(IS) 

10 2 , -Deoxy-2'-methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 

mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH 2 CI 2 (100 mL) and washed with sat. NaHC0 3 , water and brine. 
The organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH2CI2 as an eluant 

to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: S'-O-DMT^'-Deoxv-g'.Math oxvcarbonylmethvlidine-LJririinfi 
S'-^-cvanoethvl-A/./V-diisooropylphosphoramiriitB) Qfi) 

1-(2'-Deoxy-2 , -2 , -methoxycarbonylmethylidine-5 , -adimethoxytrityl-p- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH 2 CI 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 

25 (1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
5'-0-DMT-2 , -deoxy-2'-methoxycarbonylmethylidine-uridine 3'-(2- 

30 cyanoethyl-/V,/V-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :M OH / 9.5:0.5). 
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Example 89: ^Deox v^'-Carboxymethvlidine-a' S'-O-fTetraisoDropvldi- 

siloxan9-l ,3-<jiyl)"Uri<Jine 37 

a'-Deoxy^'-methoxycarbonylmethylidine-S'.S-O-^etraisopropyldi- 
siloxane-l^-diyO-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgSCU 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
10 carboxymethylidine-3\5'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CH2CI2. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavag 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedur . 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et a/. PCT WO 94/02595. 

Oligonucleotides with 3' and/or 5' Dihalophosphonate 

20 This invention synthesis and uses 3' and/or 5' dihalophosphonate-, 

e.g., 3' or 5 , -CF 2 -phosphonate- ( substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al. v PCT/US94/1 1649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or 3'-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramolecularly if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one 5'-dihalophosphonate and/or one 3'- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5 5+dihalomethyIphosphonate in three steps from 1 -O-methy 1-2,3- O- 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate is 
described (e.g., for the difiuoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S'-dihalomethylphosphonates. These intermediates 

1 0 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside S'-deoxy-S 1 - 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside 5'-deoxy-5'-dihalomethylphosphonates into their 

1 5 triphosphates, e.g., 1 4 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5' and/or 3'- 
dihalonucleotides and nucleic acids containing such 5* and/or 3'- 
dihalonucleotides. The general structure of such molecules is shown 
below. 



20 
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where R-j is H f OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R2 is separately H, OH, or R; each R 3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
nitrophenyl, or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 



The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzyr.atic activity. In a r lated aspect the 
invention features a method for synth sis of such nucleoside 5'-deoxy-5'- 
30 dihalo and/or 3'-deoxy-3'-dihalophosphonate$ by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-5'-dihalophosphonate 
and/or a 3'-deoxy-3'«dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

1 0 triphosphates 1 , where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn et a/. ? Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/., Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy et al. t J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester S'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the S'-oxygen (Breaker et a/., Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et ai (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methyienephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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One common synthetic approach to ot.a-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi et a/., 
5 Tetrahedron Lett. 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonucleosides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et al. (Martin et a/., 
10 Tetrahedron Lett. 1992. 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a,a-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowite ef al., J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience is that 
nucleoside 5 -triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting exampl s showing the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can b readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of S'-deoxy-S'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al. ( 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90; Synthesis of Nucleoside S'-DaoYy-fi'- 
difluoromethvlphosphonatas 

Referring to Fig. 87. we synthesized a suitable glycosylating agent 
from the known D-ribose a,a-difluoromethylphosphonate (4) (Martin et a/., 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'- 
difluoromethylphosphonates. 

Methyl 2,3-0 -i so propyli den e-0-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et a/. (Tetrahedron Lett. 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l 2 -MeOH, reflux, 18 h (Szarek et a/., 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H + ), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-Obenzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak et a/ M Synthesis, 1993, 790-792) (Ac 2 O t AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N 4 -acetylcytosine under Vorbruggen conditions 
(Vorbruggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of FgCSC^OSKCh^Jg as a glycosylation 
catalyst is precluded becaus it is expected to lead to the undesir d 1- 

35 ethyluracil or 9- thyladenine byproducts: Podyukova, et a/., Tetrahedron 
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Lett 1987, 28, 3623-3626 and r f r nces cited therein) (SnCI 4 as a 
catalyst, boiling acetonitrile) to yield (3-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N^-benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside S'-deoxy-S'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HCO3") column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR ( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

1 5 8 8.07-7.28 (m, Bz), 6.66 (d t Jj 2 4.5, aH1), 6.42 (s, pH1), 5.74 (d, J 23 4.9, 
PH2) ( 5.67 (dd, J 3 2 4.9, J 3 4 6.6, PH3), 5.63 (dd, J 3 2 6.7, J3 4 3.6,'aH3), 
5.57 (dd, J 2(1 4.5, J 23 6.7, aH2), 4.91 (m, H4), 4.30 (m, C^CH 3 ), 2.64 (m, 
CH 2 CF 2 ), 2.18 (s, pAc), 2.12 (s, aAc), 1.39 (m, CH 2 Ctf 3 ). 31 P 5 7.82 (t, 
J P(F 105.2), 7.67 (t,J P|F 106.5). 6a: 1 H 5 9.11 (s, 1H, NH), 8.01 (m,11H, 

20 Bzi H6), 5.94 (d, J VJZ 4.1. 1H, H1'), 5.83 (dd, J S(6 8.1, 1H, H5) f 5.79 (dd, 

J 2\V 4 - 1 > J 2\3' 6 - 5 - 1H - H2 ')« 571 ( dd * ^,2' 6-5. f J3',4' 6.4, 1H, H3'). 4.79 
(dd, J 4 . 3 < 6.4, J 4 . p 11.6, 1H, H4'), 4.31 (m, 4H, CW 2 CH 3 ), 2.75 (tq, J H F 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31p 5 7,77 (t| Jp p 104 0 ). g'c: 
31 P (vs DSS) (D 2 0) 6 5.71 (t, J P F 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and 233 nm, confirming that 
the site of glycosylation was N-7. 

Example 91:Svnthesis of Nucleic Acids Contai ning Modified Nucleotide 

Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et a/., J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe et a/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5 f -end, and phosphoramidites at the 3'-end 

35 (Figure 88 and Janda et al. t Science 1989, 244:437-440.). These 
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nucleoside 5'-deoxy-5'-difluoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides. They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fi g. 89 . according to known procedures. Nucleic Acid Chem. t 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Fi gures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
1 5 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oli gonucleotides with Amido or Peptido Modification 

This invention replaces 2' -hydroxy I group of a ribonucleotide moiety 
with a 2'-amido or 2'-peptido moiety. In other embodiments, the 3' and 5' 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 
5 addition, either Rj or R2 is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, fl^, R3NR4 where each R3 and R4 independently is 
hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Ls„ an amide), an alkyl group, or 
1 0 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R-j, R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than DNA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2 l -amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5* nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the ^-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "O" may b 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
1 5 Sproat, supra). 

Example 93: General procedure for the preparation of 2'-aminoacvl-2'- 
deoxv-2'-aminonucleoside conjugates. 

Referring to Fig. 92 . to the solution of 2'-deoxy-2 l -amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 

20 [dimethylformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline (EEDQ) [or 1 - 
isobutyloxycarbonyl-2-isobutyloxy-1 ,2-dihydroquinoline (I1DQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
'C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1 H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning 1 H NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their S'-O-dimethoxytrityl derivatives and into 3-phosphoramidites using 
35 standard procedur s (Oligonucleotide Synthesis: A Practical Approach, 
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M.J. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman et a/., 1987 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fig. 93 . 

The scheme shows synthesis of conjugate of ^-d-^-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
1 0 guanosine) and/or abasic moieties. 

Example 94; RNA cleavage bv hammerhead ri bozvmes contflj n jpg p»- 
aminoacvl modification 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
1 5 positions are modified, individually or in combination, with either 2'-NH- 
alanine or 2'-NH-!ysine. 

RNA Qteavage assay In Wfro; Substrate RNA is 5' end-labeled using 
[Y- 32 P] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount (£ 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10 -15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCfc. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 nl 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fig. 95, hammerhead ribozymes containing 2'-NH- 
alanine or 2'-NH-lysin modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Fi gure 94 and the modifications described in 
Fi gure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2'-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacvlation of 3'-ends of RNA 

I. Referring to Fi g. 96. 3-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

1L Preparation of aminoacvl-derivatized solid support 
A^ Synthesis of ODimethoxvtritvl fO-DMn amino acids 

1 5 Referring to Fig, 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4-dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHCOs and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0,5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

B) Preparation of the solid support and its d erivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et al. ( Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96; AminQwylatton <?f S'-ends of RNA 

I. Referring to Fi g, 98. S'-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17. 

5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5'-aminoacylated 
monomer was prepared as described by Usman et at., 1987 supra. The 
phosphoramidite was then incorporated at the 5'-end of the oligonucleotide 
1 0 using standard solid-phase synthesis protocols described above. 

II. Referring to Fig. 99 . aminoacyl group(s) is attached to the phosphate 
group at the S'-end of the RNA using standard procedures described 
above. 

Y1L Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
60, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad ScL U.S.A. 1735, 1992 r describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotyp to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Fi gures 100 and 101. broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
1 0 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

1 5 A second approach targets DNA (Fi g. 101) and has the advantage 

that changes may be permanently encoded in the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, ££Q£sJ983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 

30 stranded DNA, which is an established technique for binding poly* 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobe), S. f & Dervan, P. (1992). Sequence-specific double- 
strand atkylation and cleavage of DNA mediated by triple-helix formation. 
J. Am. Chem. Soc. 114. 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Sci 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
1 0 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme ( see 
Figure 1Q2), by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
posMranscriptionally. Higuchi, M.„ Single, F. ( Kohler, M. f Sommer, B„ and 
Seeburg, P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency Q§j[ 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also includ inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
vivo the nucleotide base sequence of a naturally occurring mutant nucleic 
5 acid molecule. The method includes contacting the nucleic acid molecule 
in vivo with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter", as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter* is meant that the ability of the target nucleic acid 
25 to perform its normal function (/.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By "mutant" it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(i.e., non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
1 5 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen for ribozymes 
with catalytic activities different than RNA cleavage. Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotid ). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodim nt of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporat d by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecul s 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein {e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L (1993) In The RNA World . R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing proc ss is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C U and A -» G). The 
mechanism of RNA editing in the mammalian system is postulated to b 
that C->U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A->G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et al. (1993) Call 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A->l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

15 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: Exploiting cellular dsRNA d ependent Adenine to Inosina 
converter; 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell. Q5. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert th stop codon. 
While other A's in this region may be cony rt d to Ps and read as G, 

35 converting an A to I (G) cannot cr ate a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
dystrophin/luciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5* to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Fi gure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5' to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7,9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and O.OSmM 
EDTA) P by vortexing nuclei and resuspended In a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L. & Weintraub, H, 
Ce//55, 1089-1098 (1988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

1 5 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1.5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base chancing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have be n conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oiigonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-104) . 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L in 77?© RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston.1987, PP.226-230.). Additionally hydroxylamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston.1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston.1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 02-methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by alkynitrosoureas (Xu, and 
Swann, Tetrah dron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Barttett 

5 Publishers, Inc., Boston,1987, PP.226-230. 

7. Animation of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L. in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targeting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, £enasJ983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions -(pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 



Mutant base A 



T(U) 



r 
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DNAWRNA3 




Transversion 


| DNA5/RNA7 


Transversion 




|Transversion 


RNA2/DNA6 |- 


Transversion 




|DNA6/RNA6 


Transversion 


Transversion 





1 

2 
3 
4 

5 



Deamination of 5-methylcytosine to create thymidine. 
Deamination of cytosine to create uracil. 
Deamination of Adenine to be read like G (Inosine). 
Methylation of cytosine to 5-methylcytosine, 



Transforming thymidine (or uracil) to 02-methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine (Xu ( and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
in Vitro Selection Strategy 

Referring to Figure 105 . there is provided a schematic describing an 
1 5 approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
20 modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
25 of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce, G.R (1992) Science 257, 
635-641; Joyce, G. F. (1992) Scientific American 267: 90-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Science 261:141 1-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing activity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIH , Administratio n nf Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al. a 1976 Proo, Natl- Acad, Sci... 
USA 73. 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has suffici nt 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault er a/., 1990 NallUS 
344, 565; Pieken et a/., 1991 Science . 253, 314; Usman and Cedergren, 
1992 Trends in Binehem. Sci . 17, 334; Usman et ai, International 
Publication No. WO 93/15187; and Rossi et a/., International Publication 
No. WO 91/03162, as well as Sproat.B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All thes 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

1 5 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermodular cleaving enzymatic nucleic acids to 
allow release of therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

1 0 plasmid resulting in an R-loop structure (see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in Enzvmol. 145, 235; 
Neuwald et al M 1977 J. Virol. 21,1019; and Meyer et al„ 1986 J. Ult. Mol, 

15 Str. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the (3-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibit d expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased th expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992, supral . 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme ( see 
figure 107) as described by Draper supra. 

Lioand Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific ligands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA /see figure 1081 This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J. Biol. Cham 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-DimethyIaminopropyl)-3- 
ethylcarbodiimide hydrochlorid (EDO). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5' end or 3' end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et al. f 1984 Q§\\ 37, 
801-813; Kalderon et aL, 1984 Cfili 39, 499-509; Goldfarb et al., 1986 
Nature 322 t 641-644)and/or proteins like the transferrin (Curiel et al., 1991 

1 5 Proc. Natl. Acad. Sci. USA 88, 8850-8854; Wagner et aL, 1992 Proc. Natl. 
Acad. Sci. USA 89, 6099-6103; Giulio et al., 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al., 1983 
Anal. Pigchem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

in vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
SfiifiQ£S257 ( 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand ON A), 2) 

1 0 complimentary DNA (cDNA) synthesis and PGR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded ONA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
suora^. The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABL E I 



Characteristics of Ribozvmes 

Group ! Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
site. 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts, phage T4, blue- 
green algae, and others. 

RNAseP RNA (M1 RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5 4 of the cleavage site. 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3* of the cleavage site. 
Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. ■ 

Binding sites and structural requirements not fully determined, 

although no. sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neurospora VS RNA (Figure 5). 
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Table 2 

Human iCAM HH Target sequence 



nt. Position Target Sequences nt Position Target Sequences 



u 


CCCCACU C GACGCUG 


386 


ACCGUGU A CUGGACU 


23 


CUGAGCU C CUCCGCU 


394 


CUGGACU C CAGAACG 


26 


agcuccu c cgoiacu 


420 


CACCCCU C CCCUCUU 


31 


CUCUGCU A CUCAGAG 


425 


CUCCCCU C UUGGCAG 


34 


CGCUACU C AGAGUUG 


427 


CCCCUCU U GGCAGCC 


40 


UCAGAGU U GCAACCU 


450 


AGAACCU U ACCCUAC 


48 


GCAACCU C AGCCUCG 


451 


GAACCUU A CCCUACS 


54 


UCAGCCU C GCOADGG 


456 


UUACCCU A CGCUGCC 


58 


CCUCGCU A UGGCUCC 


495 


CCAACCU C ACCGUGG 


64 


UADGGCU C CCAGCAG 


510 


UGCCGCU C CGUGGGG 


96 


CCGCACU C CCGGUCC 


564 


CUGAGGU C ACGACCA 


102 


UCCTOGU C CUGCOCG 


592 


GAGAGAU C ACCAUGG 


108 


UCCUGCU C GGGGCCC 


607 


AGCCAAU U UCUCGUG 


115 


CGGGGCU C UGUUCCC 


608 


GCCAAUU U CUCGCGC 


119 


GCUCUGU a CCCAGGA 


609 


CCAAUUU C UCSUGC** 


120 


COOJGUU C CCAGGAC 


511 


AAnUUCU C GTjGCCGT 


146 


CAGACAU C UGUGUCC 


656 


GAGCUGU U UGAGAAC 


152 


UCUGUGU C CCCCUCA 


657 


AGCUGUU U GAGAAO^ 


158 


UCCCCCU C AAAAGUC 


663 




165 


CAAAAGU C ADCCUGC 


677 




168 


AAGUCAU C CUGCCCC 


684 


\CCWTT P ricrsrrTT 


185 


GGAGGCU C CGCGCUG 


692 




209 


AGCACCU C CDGUGAC 


693 




227 


CCCAAGU U GUUGGGC 


696 


CCUUUGU C CUGCCAG 


230 


AAGUUOT U GGGCADA 


709 


AGCGACU C CCCCACA 


237 


UGGGCAU A GAGACCC 


720 


CACAACU U GUCAGCC 


248 


ACCCCGU C7 GCCUAAA 


723 


AACUUGU C AGCCCCC 


253 


GUUGCCU A AAAAGGA 


73S 


CCCGGGU C CUAGAGG 


263 


AAGGAGU U GCUCCUG 


738 


GGGUCCU A GAGGUGG 


267 


AGUUGCU C CUGCCUG 


765 


CCGUGGU C UGUUCCC 


293 


AAGGUGU A OGAACUG 


769 


GGUCUGU U CCCUGGA 


319 


AGAAGAU A GCCAACC 


770 


GUCUGUU C CCUGGAC 


335 


ADGUGCU A UUCAAAC 


785 


GGGCUGU U CCCAGUC 


337 


GUGCUAU U CAAACUG 


786 


GGCUGUU C CCAGUCU 


338 


UGCUAUU C AAACUGC 


792 


. UCCCAGU C UCGGAGG 


359 


GGGCAGU C AACAGCU 


794 


CCAGUCU C GGAGGCC 


367 


AACAGOJ A AAACCUU 


807 


CCCAGGU C CACCUGG 


374 


AAAACCU U CCUCACC 


833 


CAGAGGU U GAACCCC 


375 


AAACCUU C CUCACCG 


846 


CCACAGU C ACCUAUG 


378 


CCUUCCU C ACCGUGU 


851 


GUCACCU A UGGCAAC 
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863 


AACGACU C CUCCUCG 


1408 


UCGAGAU C nUGAfWt 


866 


GACJCOJ U CTCGGCC 


1410 


GAGAUCU Q GAGCWA 


867 


ACUCCUU C UCGGCCA 


1421 


GGCACCD A CHJt-T it'll T 


869 


UCCOUCU C GGCCAAG 


1425 




881 


AAGGCCU C AGCCAGtf 


1429 




885 


CCOCAGU C AGGGUGA 


1444 


GAGCACU C AAGGGM 


923 


GUGCAGU A AOACUGG 


1455 


GGGAGGtT C AOTfiT* 


936 


CAGUAAU A COGGGGA 


1482 


ftU\JWVJV»U V» 


978 


CGACCAU C QACAGOJ 


1484 




980 


ACCAUCU A CAGCUUU 


1493 


wwwwVTVJU A UvjavxaUvJ 


986 


UACAGCU O OCCQGCG 


1500 


Auvjrturtu w wUwaUV«a 


987 


ACAGCUU a COGGCGC 


1503 




988 


CAGCUUU C CGSCGCC 


1506 




1005 


ACGCGAC? 0 COGACGA 


1509 




1006 


CGUGADU C UGACGAA 


1518 




1023 


CAGAGGU C UCAGAAG 


1530 




1025 


GAGGUCU C AGAAGGG 


1533 


CAGUCAIJ A AnSSGTA 


1066 


CCACCCa A GAGCCAA 


1551 


CAGGCCU C AGCATOT" 


1092 


AOGQGCa U CCAflCCC 


1559 


AGCACGO A CTTK 7 IATT 


1093 


UGGGGUU C CAOOCCA 


1563 


CGT3ACCTT C nATT^ APT* 


1125 


CCCAGCU C CUUOJGA 


1565 




1163 


CGCAGCU U OKJCUGC 


1567 


wwwwwaw A AiUvU^Wt 


1164 


GCAGCUU C 0CC0GOJ 


1584 


GGAAGXn C AAfTA A An 

VJSJAAUAU w AAUAAAU 


1166 


AGOJUCU C OJUCUCU 


1592 


•wwuiu a wauawUa 


1172 


UCCDGOJ C DGCAACC 


1599 


AV»AUVU»«J A wAAwAUV3 


1200 


GCCAGCU O AUACACA 


1651 


wAw>Jw.wU w wwWUAAw 


1201 


CCAGCTJO A OACACAA 


1661 


WJAAwwU A WwwUuOS7 


1203 


AGCUUAD A CACAAGA 


1663 


AA£Cmrr C pprtfina/"* 


1227 


GGGAGCU U CGUGUCC 


1678 




1228 


GGAGCUU C GUGDCCO 


1680 


^«^jnyv una | »* ^v^r nr^ v^r** 

w-WUWU u cwucggc 


1233 


UUCGUGU C CCGQMG 


1681 


uCUi^UU C CUCGsjCC 


1238 


GUCCOGU A OGGCCCG 


1684 


TT^T IT 'If' V"TT ^ /vrv^i iiw 

uwuuwtu C GGOCUUC 


1264 


GAGGGAU a GOCOGGG 


1690 


UwTjGCCU U CCCAuAJu 


1267 


GGAUUGU C CGGGAAA 




COGCwUU C CCAuAUU 


1294 


AGAAAAU 0 CCCAGCA 


1696 


rTTTlTTVArT n mrrnry 


1295 


GAAAADU C CCAGCAG 


1698 


WV.U)UAU U UVvUVAjShA 


1306 


GCAGACa C CAAOOTG 


1737 




1321 


CCAGGCJ U GGGGGAA 


1750 




1334 


AACCCAU U GCCOGAG 


1756 


WAUU.WU A V»k.U\jV«V»w 


1344 


CCGAGCU C AAGUGUC 


1787 


AGGGCAtJ C7 (ttTprnr*A 


1351 


CAAGCGU C UAAAGGA 


1790 




1353 


AGUGUCD A AAGGADG 


1793 


UDGDCCTJ C AGOTAHA 


1366 


CGGCACU a UCCCACU 


1797 


CCUCAGU C AGAUACA 


1367 


GGCACDU t7 CCCAOjO 


1802 


GUCAGACJ A CAACAGC 


1368 


GCACUUU C CCACOGC 


1812 


ACAGCAU U UGGGGCC 


1380 


CGCCCAU C GG3GAAU 


1813 


CAGCAuU U GGGGCCA 


1388 


GGGGAAU C AGOGACU 


1825 


CCADGGU A CCCGCAC 


1398 


UGACUGU C ACUCGAG 


1837 


CACACCU A AAACAOJ 


1402 


UGUCACU C GAGAUCU 


1845 


AAACACU A GGCGACG 
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1356 

1861 

1865 

1868 

1877 

1901 

1512 

1922 

1923 

1928 

1930 

1964 

1983 

1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

21S6 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 



CACGCAU 
AUCUGAU 
GAUOJGU 
CJGUAGU 
CAUGACU 
CAAGACU 
ACACGAU 
UGGAUGU a 
GGAUGUU A 
UUAAAGU C 
AAAGCCU 
GAGACAU 
AGGACAU 
GGGAAAU 
UGAAACU 
GCUGCCU 
CGCCUAU 
AUUGGGU 
ACAGACU 
CAGACUU 
UGGCCCU 
CCUCCAU 
CAUGUGU 
GUAGCAU 
CCACACU 
CACACUU 
GCCAGCU U 
CTGCUGU C 
GCUGUCU 
CAACCCU 
UGAUGAU 
GAUAUGU 
UAUGGAU 
ACGUAUU 
UGOAUUU 
UAUUUAU U 
AUUUAUU C 
UADUCAU U 
AUUCAUU U 
CAUUUGU U 
ADUUGUU A 
UDGUUAU U 
UGUUAUU U 
GUUAUUU U 
UUAUUUU A 
ACCAGCU A 
CAGCUAU U 
AGCUAUU U 
GCUAUUU A 



A 
A 
A 
A 
U 
A 

a 

A 

u 

A 
C 
A 
A 
C 
CJ 

c 



UGAUCCG 
UGUAGUC 
GUCACAU 
ACADGAC 
AGCCAAG 
AAGACAU 
GACGGAU 
AAAGCCU 
AAGUCUA 
UAGCCUG 
GCCUGAU 
GCCCCAC 
CAACUGG 
CUGAAAC 
GCUGCCU 
UUGGGUA 
GGGUADG 
UGCUGAG 
ACAGAAG 
CAGAAGA 
CAUAGAC 
GACADGU 
GCADCAA 
AAAACAC 
CCUGACG 
C3GACGG 
GGGGACU 
UACUGAC 
CUGACCC 
GADGAUA 
UGUAUUU 
UUUAUUC 
UAUUCAU 
AUUCAUU 
UUCAUUU 
CAUUUGU 
ALuuiUD 
UGUUAUU 
GUUAUUU 
AUUUUAC 
UUUUACC 
UUACCAG 
UACCAGC 
ACCAGCU 
CCAGCUA 
UtJUAUUG 
UAUCGAG 
AUDGAGU 
UUGAGCG 



2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2223 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



UAUUUAU U 
UGAGCGU C 
AGUGUCU U 
GUGUCUU U 
UGUCUUU U 
GUUJUUU A 
UUUAEGU 
GUAGGCU 
UGAACAU 
CAUAGGU 
UAGGUCU 
CUGGCCU 
CGGAGCU 
UCCCAGU 
UCCADSU 
GUCACAU 
UCACAUU 
UCAAGSU 
ACCAGGU 
GUACAGU 
CAGUUGU 
UACAGGU 
AGGUUGU 
AAAAGAU 
UGGGACU 
GGGACUU 
GACUUCU 
UUCOCAU 
CCUGCCU 
C U UXU U 
UGCCUUU 
GAGUGAU 
AGUGAUU 
GUGAUUU 
UGAUUUU 
GAUUUUU 
UUUUUCU 
UUUCUAU 
AAGCACU 
GCACOAU 
GACUGGU 
UAAUGGU 
AAUGGUU 
' CACAGGU 
ACAGGUU 
CAGAGAU 
AGAGAUU 
GAGGCCU 
AGGCCUU 



A 
A 
A 
C 
C 
C 

c 
c 
c 
u 
c 
c 

A 

u 

A 
U 
A 
C 
U 

c 
c 
u 
u 
u 
c 
u 
u 
u 
u 
c 

A 

c 

A 
A 
A 

u 
c 
u 
c 
u 

A 

u 

A 



GAGUGUC 
UUUUAUG 
GUAUGUA 
UAUGUAG 
ADGUAGG 
UGUAGGC 
GGCUAAA 
AAUGAAC 
GGCCUCU 
CCUGGCC 
UGGCCUC 
ACGGAGC 
CCAGUCC 
CAUGUCA 
ACADUCA 
CAAGGUC 
AAGGUCA 
ACCAGGU 
CAGUUGU 
GUACAGG 
CAGGUUG 
GUACACU 
CACUGCA 
AAADGGG 
CUCAUUG 
UCAUUGG 
AUCGGCC 
GGCCAAC 
UCCCCAG 
CCCCAGA 
CCCAGAA 
UUUCUAU 
UUCUAUC 
UCUAUCG 
CUAUCGG 
UAUCGGC 
UCGGCAC 
GGCACAA 
UADGGAC 
UGGACUG 
AUGGUUC 
CACAGGU 
ACAGGUU 
CAGAGAU 
AGAGAUU 
ACCCAGU 
CCCAGUG 
AUUCCUC 
UUCCUCC 
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2 / DU 


* tw* 




2 /37 




mTTTTPrri c turrit art t 1 


Z / OX 


2459 




7*7fi5 


2460 




27ffQ 






4 fy f 


2480 






2483 


CCTJTjrjsn tl AGCC'Arr 




2484 


fTTTJTJGUtT A GgTTtTTT 


2fl1 


2492 




2fl1 C 




pf™r*a.f in & p*nT7TT*Tr 

V.^wViiiAU i\ WUJWWS«U 




2^rifl 




2S22 




irrirMTTT rr ironr* 


ion 


25* 0 


UnLAUUU V_ MaJuUjU 




2520 




^aJ / 


2521 




«84Q 


2533 




2flA7 


2540 




2fi51 


2545 


GOCADGCT C TJGGACATT 


2fii?n 


2563 


AGGSAATJ A UGQCJ gAA 


2fl7^ 


2579 




*o / / 


2585 


UADGCCU D GOCCOOT 


2SQQ 


2588 


gcctjtjgit c cncnucrr 




2591 






2593 






2596 






2601 




^yu / 


2602 






2607 


UUUSCAL7 tT TjCATUGS 




2608 






2609 




2911 


2620 






2626 






2628 




29X4 


2635 




2915 


2640 




2916 


2641 




2917 


2642 




2918 


2653 




2919 


2659 




2931 


2689 




2933 


2691 


AAGCTTAn tt n^i/war 


2941 


2700 


GAGGACU C CCTJCCCA 


2951 


2704 


ACUCCCU C CCAGCUU 


2952 


2711 


CCCAGCU a UGGAAGG 


2955 


2712 


CCAGCUU U GGAAGGG 


2956 


2721 


GAAGGGU C AUCCGCG 


2961 


2724 


GGGUCAU C CGCGUGU 


2962 


2744 


UGUGUGU A UGUGUAG 


2965 
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UAUGCGU A GACAAGC 
ACAAGCU C UCGOJCU 
AAGCOCT C GCUCUGU 
UCUCGCU C UGDCACC 
GCUCUGU C ACCCAGG 
GUGCAAU C ATJGGUUC 
UCAUGGU U CACUGCA 
CAUGGUU C ACUGCAG 
CJGCAGU C UUGACCU 
GCAGOCU U GACCUUU 
UUGACCU U UUGGGCU 
CGACCUU U UGGGCUC 
GACCUUU U GGGCUCA 
UUGGGCU C AAGUGAU 
AAG03AU C CUCCCAC 
UGADCCU C CCACCUC 
CCCACCU C AGCCUCC 
UCAGCCU C CUGAGUA 
CCUGAGU A GCUGGGA 
GGACCA0 A GGCUCAC 
AUAGGCU C ACAACAC 
GGCAAAU U UGAUUUU 
GCAAAUU U GAUUUUU 
AUUUGAU U UUUUUUU 
UUDGAUU U UUUUUUU 
UUGAUUU U UUUUUUU 
UGAUUUU U UUUUUUU 
GAUUUUU U UUUUUUU 
AUUUUUU U UUUUUUU 
UUUUUUU U UUUUUUU 
UUUUUUU U UUUUUUU 
UUUUUUU u uuuuuuc 
UUUUUUU U UUUUUCA 
UUUUUUU ,U UUUUCAG 
UUUUUUU* U UUUCAGA 
UUUUUUU U UUCAGAG 
UUUUUUU U UCAGAGA 
UUUUUUU U CAGAGAC 
UUUUUUU C AGAGACG 
ACGGGGU C UCGCAAC 
GGGGUCU C GCAACAU 
GCAACAU U GCCCAGA 
CCAGACU U CCUUUGU 
CAGACUU C CUUUGUG 
ACUUCCU U UGUGUUA 
CUUCCUU U GUGUUAG 
UUUGCGU U AGUUAAU 
UUGUGUU A GUUAAUA 
UGUUAGU U AAUAAAG 
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2966 GUUAGUa A AHAAAGC 

2969 AGCUAAtf A AAGCCUU 

2975 UAAAGCU a UCCCAAC 

2976 AAAGCUU U CUCAACU 

2977 AAGCUUU C UCAACUG 
2979 GCUUUCU C AACDGCC 
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Table 3 

Mouse iCAM HH Target Sequence 
nt. Position Target Sequence 



11 




23 




26 


uGoUuCU C XJGOOcCG 


31 




34 


UuCUcaU a AGeGTW^ 


40 




48 


aocACCU C aGCCOoG 


54 




58 




64 




96 




102 




108 




115 




119 


GaaaDOT e aCCAGSA 


120 


COCOGcU C CucGeeC 


146 


CAGuCgU C cGcuUCC 


152 


UCUGUGU C egOCaCu 


158 


UCCugutJ u AAAAacC 


165 


CAcAAGU u cCiruCGC 


168 


AAGcCuQ C COGCCCC 


185 


GGuGGctf C CGOGCaG 


209 


gcCACuCJ C CtJcOGcC 


227 


CacAAGCT u Gnntmno 


230 


AAGOCGtJ U uuGCuee 


237 


UGuGCuCJ u GAGAaCu 


248 


AaCCCaU c uCCQAAA 


253 


ccUGCCU A AggAaGA 


263 


AcGGuutT c uCTIaCTTR 


267 


AGccGCtJ c rnnrrrTa 


293 


AAGcOGU u UGAgCTG 


319 


AGgAGAff A cugAgCC 


335 


cOOTGCU u UgagAAC 


337 


GUcCaAU 0 CAcACUG 


338 


aGCUgOU u gAgCCGa 


359 


GuGCAGU C guCcGCU 


785 


GGcCCGU U uCCuGcC 


786 


GcCCGUU u CCuGcCU 


792 


UggagGU C UCGGAaG 


794 


CugGgCU u GGAGaCu 


807 


CuCgGaU a uACCUGG 


833 


CAaAGcU c GAcaCCC 


846 


CCcugGU C ACCguUG 


851 


GagACCU c UacCAgC 



SUBSTITUTE 



PCT/IB95/00156 



nt. Position Target Sequence 



367 


A#uigv*cu u cAACCcg 


374 


gAAgccu u CCUgcCC 


375 




378 


uuacudU v» ACCGUGU 


386 


AiwvuiLuU a UUC5U.UU 


394 




420 


u-u.dLuu l ccccccg 


425 


MWWWCU <w CC&UWUJ 


427 


Paf"^ 1 ll 1 1 ^ , _ 
vaijwwuu C oAjwvLjUg 


450 


C ACCCugC 


451 


UAAaLCU U UCCUVUlG 


456 , 


uuftLucu c asccacu 


455 




510 




564 




592 




607 


AGTJrjmu n Tirnr»rv 


608 


GCCAADTJ U OTrannr* 


609 




611 




656 




557 




668 


cgagv-uu a GGCCa.CC 


677 


GaCCu.CT7 & r^ar^r'/^i 1 


634 


UUWUJS.U ^> w9uUvwU 


692 




593 


AGCT2.Cct7 c x rOTtfV 1 


696 


CCUoUuU c CTJnrr^i^- 


709 


yuwv*gv»u c wau«uw\ 


720 


uamwUvU U UUUujCU 


723 


«w»uuuu C AGCUCCg 


735 


aCCaGaCJ C CDgGAGa 


738 


uGGgCOT c GuGaOGG 


765 


CaGUcOT C cGcDuCC 


769 


GGcOJGU U uCCOGcc 


770 


uUuCGcU C CCDGGAa 


1353 


. AGUGggCJ c gAaGgUG 


1366 


UaaCAgU c UaCaACU 


1367 


aGCACcU c CCCACcu 


1363 


GuACUgU a CCACUcu 


1380 


UGCCCAU C GGGGugg 


1388 


GGaGAcU C AGUGgCU 


1398 


UGgCUGa C ACagaAc 


1402 


UGUgcuU u GAGAaCU 
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863 


AgCcACU u CcUCUgG 


1408 


866 


GAagCCU U CcuGcCC 


1410 


867 


AuUCgUU u cCGGagA 


1421 


869 


UCuUcCU C augCAAG 


1425 


881 


AuGGCuU C AacCcGU 


1429 


885 


COTugGU a gagGOGA 


1444 


933 


cUauAaU c ADuCDGG 


1455 


936 


uAaUcAD u COGGuGc 


1482 


978 


UaACagU C OACAaCU 


1484 


980 


ACagCCU A CAaCUGU 


1493 


986 


UACAaCU U UuCaGCu 


1500 


987 


ACAaCUU U uCaGCuC 


1503 


988 


CAaCUOT u CaGCuCC 


1506 


1005 


ACcaGAD c CUGgaGA 


150SI 


1006 


uGaGAgU C OGggGAA 


1518 


1023 


ugGAGGU C OCgGAAG 


1530 


1025 


GAGGUCU C gGAAGGG 


1533 


1066 


CCACuCU c aAa&uAA 


1551 


1092 


AcuGG&U c uCAGgCC 


1559 


1093 


UGGaccU u CAGCCaA 


1563 


1125 


CCCAaCa C uDcuUGA 


1565 


1163 


CGaAGCU.U CUuuDGC 


1567 


1164 


GaAGCUU C UuuUGCU 


1584 


1166 


Accuaca u uCGCCCU 


1592 


1172 


UCCUGuU u aaaAACC 


1599 


1200 


cuCuGOJ c cUcCACA 


1651 


1201 


gCuGCUU u UgaACAg 


1661 


1203 


AcuOUuU u CACcAGu 


1663 


1227 


GGuAcaU a CGUGUgC 


1678 


1228 


GaAGCUU C uUudgCU 


1680 


1233 


UUCGUuU C CgGagaG 


1681 


1238 


GUgCUGU A UGGuCCu 


1684 


1264 


GAaGGgU c OTgCaaG 


1690 


1267 


uGAgaGU C uGGGgAA 


1691 


1294 


AGgAgAU a CugAGCc 


1696 


1295 


GAggggU C uCAGCAG 


1698 


1306 


GCAGACU C ugAaa.DG 


1737 


1321 


gaAGGCU c aGGaGgA 


1750 


1334 


AACCCAU c uCCuaAa 


1756 


1344 


auGAGCU C gAGaGUg 


1787 


1351 


ugAaUGU a UAAguuA 


1790 


1793 


UgGUCCU C gGcugGA 


2173 


1797 


CacCAGU C AcADA&A 


2174 


1802 


acCAGAU c CuggAGa 


2175 


1812 


ACuGgAU c UcaGGCC 


2176 


1813 


CAGCAUU U acccuCA 


2183 


1825 


CCAcGcU A CCUcugC 


2185 


1837 


CAugCCU u uAgCuCc 


2186 


1845 


cgAgcCU A GGCCACc 


2187 



gCGAGAU C ggGgaGG 
GAGgUCU c GgaaGgg 
ccCACCU A CuOuUGU 
aCUgCCU u gGUaGaG 
uCUCUaU u GccCCuG 
GAaggCU C AgGaGGA 
GGaAuGU C ACCaGga 
AguUGuU u UgCuCCC 
cDGuUCU u CCuCauG 
CuguGcU u UGAGAac 
ADGAaAU c aUggUCc 
gGAcUaU a AUCAUuc 
UUaUguU a AUaACcG 
cuAcCAU C ACcGOGu 
ucaUGGU c cCAGgCG 
CuauAaU C AUucUGG 
ugGOCAU u gCGGGCc 
CAuGCCU u AGCAgcU 
AGCACcU c CCcaccU 
CuOAugU u UAUAACC 
UAugUuU A UAACCGC 
ugUuOAD A ACCGCCA 
GaAAGAU C AgGAuAU 
AgGAuAU A CAaguUA 
ACAaguU A CAgaAGG 
CcCaCCU C CCUGAgC 
gaAACCU u UCCuuuG 
AACCUuU C CuuuGAa 
AGGaCOJ C agCCUgG 
aGCCaCT U CCUCuGg 
GCCaCUU C CUCuGgC 
aCDDCCU C uGgCUgu 
cCGGaCU U uCgAUcU 
CGGaCUU u CgAUcUU 
UgCCCAU c ggGGUGG 
CggAUAU a ccUGGag 
gAGACcU c UaCCAgc 
gGCgGCU c CACCUca 
gAagCCU u CCuGCCC 
gaGaCAU U GUCCcCA 
GCADUGCT u CUCuaau 
UUagagU U UUACCAG 
UagagUU U UACCAGC 
agagUUU U ACCAGCU 
gagUUUU A CCAGCUA 
ACCAGCU A UUUAUUG 
CAGCUAU U UAUUGAG 
AGCUAUU U AUUGAGU 
GCUAOUU A UUGAGUa 
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-OJu 




51 fl<3 


1361 


A/^t3S3ltI a tlef^AGXJa 




i 965 


il If "> f X rt/»^N»^\/T 
CnCUUuu A utwUwMy 


51 Qfl 


iOOO 




51 00 


1 fl77 




7*5flrt 




ti 11 A* AfTT AWwrLr 
UaaOaWJ >■» nflw^yitfa 


5*501 










u\jcuuaju fib uiuwwua 




i 951 


uuAUucu c Jvyvjv^uw 


5550 




nTjActAGTT ll TTtiJiOP^fi 


2224 

AAA** 


1930 


AcAGOiilJ u &C£aGc(I 


2226 


1964 


GAGACAU u GuCCCca 


2233 


1983 


AGGAuAO A CAAcUua 


2242 


1996 


aGSAcAU A CCGAcreC 


2248 


2005 




2254 


20*13 


G^tlaimt? A nOSafiHA 
ViwwBuuw a wwuva 


22S0 


2015 


wmwwwau v» WMyuyv 


22150 


5050 
2U2U 


ggUUUUU C UUruUkMvQ 




5010 


gVU\ig T wU a gUtuAgw 


2274 


2040 


V-UVIWLWU w VvUu^Awg 


5570 


5057 


WVjCUh^J W wtGAUCw 


22o2 




» » OT*^TT — m **f*0+TTl 'if T 


22oo 


2071 






2076 


GXTAfTftT f* l<T&flO'» 


2w2X 


2097 


IvOALULU w * mH<iW1i IT J 


7*nfl 
2<3 JO 


2098 


r > &<"*T4fT7fT r* Cr«y**< 








")^A 1 

2J4X 


21 58 


VwAWVvUclU U UAUlAjAg 


2 J 44 


2130 


WWWvWUU V<VA^Si»L 




2145 




51R0 


51 55 


UaUUCAw u UfibyMywU 


2jOU 


2156 


t Mirr&OfTTT JV f H If TAffXTa 


517ff 
«>3 / Q 


2158 


aAnnnAtT n nAnrxaMT 


5177 


2159 


ADGUADn U ADTLiAnn 

AWWJAWw w AUUGAWU 


517Q 
2 J /O 


2160 


WvrtwWW A UUQAUUW 


5170 
2J f$ 


2162 


I 1 AFTf Tf TATT TT s 7&I H H 
UtVUUUAU U OAUVjwAy 


1*1 Oft 

2JoU 


2163 


AtTflfJATTTT ii ATTfTjuttTfT 
Awywiwu u ituuoauu 


2J02 


2i So 


s^f 71 V 'ATT n ^^i^^HfTFT 
aCUUUw w CUCUAUU 


24 o4 


21 £7 


TiTTnw 1 7&TTTT f 7 ■F^T^l^TTFT 

aU^UAJUU U aUUAaUU 


2379 


51 70 


UaUUUcIU U a&UUUa^ 


2401 


21 71 


%m[ Tf 5TTTf T n fVwf 1^^^^ 


24U 


2417 


yivU/JMv A VaAuACVjiJ 


2091 


2418 


AcOGG&U C uCAGGcc 


2700 


2425 


CAugGGU c gAGgGuU 


2704 


2426 


AuuaaUU u AGAGuDU 


2711 


2433 


uAGAGuU U uaCCAGc 


2712 


2434 


AGAGuUU u aCCAGcu 


2721 


2448 


GAaGCCU U ccOgCcC 


2724 


2449 


AaGCCUU c cOgCcCC 


2744 



UAUUUAU a GAGUacC 
caAcUcCJ u cOUgAUG 
gcaGcCU c UUATJGCJu 
GccOCDU a OgUuOAu 
UctteccU c ADGcAaG 
aagOUUU A OGUcGGC 
0UUADGU c GGCcugA 
GgAGaCU c AgUGgcu 
cuggCAU u GuCCUCU 
CucAGGU a OCcauCC 
UgGaUCU C aGGCCgC 
CCGaCCU C cuGGAGg 
uGGAGCU a gCgGaCC 
UauCcaU C CAUccCA. 
UCCAauU C ACAcOgA 
aOCACAU U CAcGGUg 
UCACATO C AcGGfOgc 
ggAAuGU C ACCAGGa 
ACCAGaCJ c CuGgaGa 
GaAggGU c GCigCAaG 
aAGcUGU u ugaGcUG 
UAuAaGU CJ aDggcCO 
caGUgGU u CuOJGCu 
gAAAGAU C AcATJGGG 
UGaGAOJ c CUgccUG 
GaaACcU u UCcOUuG 
GACcCCU a ccaGcCu 
UUucgAU c uuCCAgC 
CCcagOJ c UCagCAG 
OTGCuOU U gaaCAGA 
aaCCUUU C CuuuGAA 
agGTCgG U cUDCUga 
gGUGgUU c OUCUgag 
agGgOUU c UCUAcuG 
UGcODUU c ucAUaaG 
aAgUUUU a DgOCGGC 
aUUcDCU A UuGcCcC 
aUcCaga a GaCACAA 
AAaCAOJ A UgOGGAC 
aagCUgU u UGagCDG 
uACUGGCJ c AgGaUgC 
AAuGUcU c cGAGGcC 
GAaGcOJ u CCUgCCc 
gacCuCU a CCAGCcU 
CCX-AGCU c UcagcaG 
gagGucU c GGAAGGG 
GAAGGGU C gUgCaaG 
GGuaCAU a CGuGOGc 
gGCGgGU c cGUGcAG 
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2451 


GCCUgutJ U CCUgCCU 


2750 


2452 


CCUguUU C CUgCCUc 


2759 


2455 


gAagCCU u CCUgCCC 


2761 


2459 


CCaCaCU a CCCCCCc 


2765 


2460 


CaCaCUO C CCCCCcg 


2769 


2479 


GAgACCU c UaccAGC 


2797 


2480 


uCACCgCJ U GOgAuCC 


2803 


2483 


CCaaUGU c AGCCACC 


2804 


2484 


CUUUuUU c aCCAguc 


2813 


2492 


agCACCU C CCCACCu 


2815 


2504 


CCCACcU A CuUOD^rO 


2821 


2508 


uAUcCAU c caUcCCA 


2822 


2509 


uOAgAgO U uUaCCAG 


2823 


2510 


UAgAgUU u UaCCAGc 


2829 


2520 


CuuuUGU a CcCAADG 


2837 


2521 


CAGcaCU u ACccOcA 


2840 


2533 


UGAugCU C AGguaUC 


2847 


2540 


CAGCaOJ C egcOgOS 


2853 


2545 


GUgcOGtf a UGGuCcCJ 


2860 


2568 


guGaAgtf c OSuCaAA 


2872 


2579 


auAAGutX A UGgCcCG 


2877 


2585 


cugGCaU U GUuCUCU 


2899 


2588 


GCaUCGU u CUCOaaU 


2900 


2591 


UgGOUCU C DgcTCCD 


2904 


2593 


cUUCUuU tJ GcuCOGc 


2905 


2596 


CUuCUGU u CccaaDG 


2906 


2601 


acCgCGU a QuCgUUU 


2907 


2602 


UCCaGcU a cCADccC 


2908 


2607 


cUcGgAU a UacCOGG 


2909 


2608 


caGCAgU c CgCOGuG 


2910 


2609 


gGaADgU C ACcaGGA 


2911 


2620 


aGGAcCU c aCcCOgc 


2912 


2626 


UUuCgaU c UUcCAGC 


2913 


2628 


GCACacD U GuAGCcu 


2914 


2635 


UuCAGCU C CgGUccu 


2915 


2640 


ggCCuGU a uccogcc 


2916 


2641 


CCCAGCU c uCaGCAG 


2917 


2642 


CCuGUUU C COQCcuc 


2918 


2653 


uAcTOgU C AGGaUgC 


2919 


2659 


gaAGGGU C'gOGCAAG 


2931 


2689 


CuAAuGU c UccGAGG 


2933 


2941 


GagACAU U GuCCccA 




2951 


CCAcgCa a CCUcOGc 




2952 


CAGcagO C CgcOGOG 




2955 


AgUgaCU c UGUGUcA 




2956 


uUUCCUU U GaaUcAa 




2961 


UcUGUGU c AGccAcCT 




2962 


aUGUaUU u aUUAAUu 




2965 


UuOgAaO c AAGAAAG 





UAUuUaU u GAguAcC 
cCggaCU u UCGaUCU 
AgGacCU C aCcCUGc 
UuUuGCTJ C UGcCgCu 
agUCUGU C AaaCAGG 
aUGaAAU C AUGGUcC 
UCXCGGU c CcagGCg 
ggCGGgO C cgCJGCAG 
CUcCgGU C cCGACCc 
aCAGUCU a cAaCUUU 
cUGACCU c cUGGagg 
gGAgCcd c cGGaCUu 
ugCCUCU a GcuCcGA 
cCGGaCD a uAaUcAU 
AgGDGgU u CUuCuga 
UGAgaCU C CugCCUg 
CCaAugU C AGCCaCC 
gCAGCCU C uUauGUu 
gCcaAGU A aCUGuGA 
GGACCua c aGCcaAg 
uUccGCU a cCAuGAC 
cGgAcuU U cGAUcOU 
uuAAuUU a GAgUUUU 
AcUUcAU U cUcUaUU 
cUUcAUU c UcUaUUg 
UUGAUgU a UUUaUUa 
UGuaUUU a UUaaUUU 
GAagcUU c UUUUgcU 
AgcUUcCJ U UUgcUcU 
UgUaUUU a UUaaUUU 
UgUaUUU a UUaaUUU 
UUgUUcU c UaaUgUC 
UUUcOcU a cUggUCA 
UgcUUUU c UcaUaAG 
aUUUaUU a aUUuAGA 
UaUUcgU U UcCgGAG 
aUUcgUU U cCgGAGA 
UUcgUUU c CgGAGAg 
UUcUcaU a AGgGuCG 
ugGaGGU C UCGgAAg 
GaGGCCU C GgAAggg 
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2966 GcUgGcU A gcAgAGg 

2969 AaQcAAU A AAGuUCU 

2975 UAgAGuQ U UacCAgC 

29*76 gAgGgUU U CDCuACU 

2977 AAGCtJgU u UgAgCUG 

2979 uCaUUCU C uAuOGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 



11 CAGCGUC CUGADGAGGCCGAAAGGCCGAA AOTGGGG 

23 AGGAGAG CTOAOGAGGCCGAAAGGCCGAA AGCUCAG 

26 AGUAGCA CTOADGAGGCCGAAAGGCCSAA AGGAGCO 

31 CUCUGAG CTGAUGAGGCCGAAAGGCCGAA AGCAGAG 

34 CAACUCJ CUGAGGAGGCCGAAAGGCCGAA AGOAGCA 

40 AGGCUGC CUGAUGAGGCCSAAAGGCCGAA ACUCJGA 

48 CGAGGCU CUGAUGAGGCCGAAAGGCCGAA AGGOUGC 

54 CCAUAGC CUGADGAGGCCGAAAGGCCGAA AGGCUGA 

58 GGAGCCA CUGADGAGGCCGAAAGGCCGAA AGCGAGG 

54 CVGCUGG CUGAUGAGGCCGAAAGGCCGAA AGCCAUA 

96 GGACCAG CUGAUGAGGCCGAAAGGCCGAA AGOGCGG 

102 CGAGCAG OJGAUGAGGCCGAAAGGCCGAA ACCAGGA 

108 GAGCCCC CUGADGAGGCCGAAAGGCCGAA AGCAGGA 

115 GGGAACA CUGADGAGGCCGAAAGGCCGAA AGCCCCG 

119 UCCUGGG CUGAU3AGGCCGAAAGGCCGAA ACAGAGC 

120 GUCCUGG CUGAUGAGGCCGAAAGGCCGAA AACAGAG 
146 GGACACA OJGADGAGGCCGAAAGGCCGAA ADGUCGG 
152 OGAGGGG CUGADGAGGCCGAAAGGCCGAA ACACAGA 
158 GACUUUU CUGADGAGGCCGAAAGGCCGAA AGGGGGA 
163 GCAGGAU CUGAUGAGGCCGAAAGGCCGAA ACUUUUG 
158 GGGGCAG CUGADGAGGCCGAAAGGCCGAA ADGACUU 
185 CAGCACG CUGADGAGGCCGAAAGGCCGAA AGCCDCC 
209 GCCACAG CUGADGAGGCCGAAAGGCCGAA AGGOGCU 
227 GCCCAAC CUGADGAGGCCGAAAGGCCGAA ACU0GGG 
230 UADGCCC CUGADGAGGCCGAAAGGCCGAA ACAACUU 
237 GGGUCDC CUGADGAGGCCGAAAGGCCGAA ADGCCCA 
248 UUUAGGC CUGAUGAGGCCGAAAGGCCGAA ACGGGGU 
253 UCCUUUU CUGAUGAGGCCGAAAGGCCGAA AGGCAAC 
263 CAGGAGC CUGADGAGGCCGAAAGGCCGAA ACUCCUU 
267 CAGGCAG CUGAUGAGGCCGAAAGGCCGAA AGCAACU 
293 CAGUUCA CUGAUGAGGCCGAAAGGCCGAA ACACCUU 
319 GGUUGGC OKjADGAGGCCGAAAGGCXGAA A P CUUC U 
335 GUUUGAA CUGAU3AGGCCGAAAGGCCGAA AGCACAU 

337 CAGUUUG CUGAUGAGGCCGAAAGGCCGAA AUAGCAC 

338 GCAGUUU CUGADGAGGCCGAAAGGCCGAA AAUAGCA 
359 AGCUGUU CUGADGAGGCOSAAAGGCCGAA ACUGCCC 
3^7 AAGGUUU CUGAUGAGGCCGAAAGGCCGAA AGCUG UU 

374 GGUGAGG CUGADGAGGCCGAAAGGCCGAA AGGUUUU 

375 CGGUGAG CUGAUGAGGCCGAAAGGCCGAA AAGGUUU 
378 ACACGGU CUGADGAGGCCGAAAGGCCGAA AGGAAGG 
386 AGUCCAG CUGAUGAGGCCGAAAGGCCGAA ACACGGU 
394 CGUUCUG CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 
420 AAGAGGG CUGADGAGGCCGAAAGGCCGAA AGGGGUG 
425 CUGCCAA CUGAUGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCUGCC CUGAOGAGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGGU CUGAOGAGGCCGAAAGGCCGAA AGGUUCU 

451 CGUAGGG CUGAOGAGGCCGAAAGGCCGAA AAGGUUC 
456 GGCAGCG CUGAOGAGGCCGAAAGGCCGAA AGGGOAA 
435 CCACGGU CEGAOGAGGCCGAAAGGCCGAA AGGOUGG 
510 CCCCACG CUGAOGAGGCCGAAAGGCCGAA AGCAGCA 
564 UGGUCGU CTOADGAGGCCGAAAGGCCGAA ACCOCAG 
592 CCADGGU CUGAPSAG GC C G AAAGGCCGAA ADCUCUC 

607 CACGAGA CUGAOGAGGCCGAAAGGCCGAA AUGGGCU 

608 GCACGAG CUGAOGAGGCCGAAAGGCCGAA AADUGGC 
60S GGCACGA CUGAOGAGGCCGAAAGGCCGAA AAAUUGG 
611 GCGGCAC CUGAOGAGGCCGAAAGGCCGAA AGAAAUU 

656 GUUCUCA CUGADGAGGCOSAAAGGCCGAA ACAGCUC 

657 UGUUCUC CUGAOGAGGCCGAAAGGCCGAA AACAGCU 
668 GGGGGCC CUGAOGAGGCCGAAAGGCCGAA AGGUGUU 
677 GAGCUGG COGADGAGGCCGAAAGGCCGAA AGGGGGC 
684 AGGUCUG CUGAOGAGGCCGAAAGGCCGAA AGCUGGU 

692 CAGGACA CUGATOAGGCCGAAAGGCCGAA AGGUCUG 

693 GCAGGAC CUGAOGAGGCCGAAAGGCC GA A AAGGUCU 
696 CUGGCAG CUGAOGAGGCCGAAAGGCCGAA ACAAAGG 
709 UGGGGGG CUGAOGAGGCCGAAAGGCCGAA AGUCGCU 
720 GGCUGAC CUGAOGAGGCCGAAAGGCCGAA AGUUGUG 
723 GGGGGCU CUGAOGAGGCCGAAAGGCCGAA ACAAGUU 
735 CCUCOAG CUGAOGAGGCCGAAAGGCCGAA ACCCGGG 
738 CCACCUC CUGAOGAGGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA CUGAOGAGGCCGAAAGGCCGAA ACCACGG 

769 UCCAGGG CUGAOGAGGCCGAAAGGCCGAA ACAGACC 

770 GUCCAGG CUGAOGAGGCCGAAAGGCCGAA AACAGAC 

785 . GACUGGG CUGADGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACUGG CUGAOGAGGCCGAAAGGCCGAA AACAGCC 
792 CCUCCGA CUGAOGAGGCCGAAAGGCCGAA ACUGGGA 
794 GGCCOCC CUGAOGAGGCCGAAAGGCCGAA AGACUGG 
807 CCAGGUG CUGAOGAGGCCGAAAGGCCGAA ACCUQGG 
833 GGGGUUC CUGAOGAGGCCGAAAGGCCGAA ACCUCUG 
846 GAUAGGU CUGAOGAGGCCGAAAGGCCGAA ACUGUGG 
851 GUUGCCA CUGAOGAGGCCGAAAGGCCGAA AGGUGAC 
863 CGAGAAG CUGAOGAGGCCGAAAGGCCGAA AGUCGUU 

866 GGCCGAG CUGAOGAGGCCGAAAGGCCGAA AGGAGUC 

867 UGGCCGA CUGAOGAGGCCGAAAGGCCGAA AAGGAGU 
869 CUUGGCC CUGAOGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACUGACU CUGAOGAGGCCGAAAGGCCGAA A GG CC CIU 
885 UCACACU CUGAOGAGGCCGAAAGGCCGAA ACUGAGG 
'933 CCAGUAU CUGAOGAGGCCGAAAGGCCGAA ACUGCAC 
936 UCCCCAG CUGAOGAGGCCGAAAGGCCGAA AUUACUG 
978 AGCUGUA CUGAOGAGGCCGAAAGGCCGAA AUGGUCA 
980 AAAGCUG CUGAOGAGGCCGAAAGGCCGAA AGADGGU 

986 CGCCGGA CUGAOGAGGCCGAAAGGCCGAA AGCUGUA 

987 GCGCCGG CUGAOGAGGCCGAAAGGCCGAA AAGCUGU 

988 GGCGCCG CUGAOGAGGCCGAAAGGCCGAA AAAGCUG 
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1005 UCGUCAG OJGADGAGGCCGAAAGGCCGAA ADCACGtf 

1006 UUCGUCA COGADGAGGCCGAAAGGCCGAA AADCACG 
1023 CUUCUGA CCGADGAGGCXGAAAGGCCGAA ACCUCUG 
1025 CCCUDCU COGADGAGGCCGAAAGGCCGAA AGACCOC 
1066 UTOGCUC OJGADGAGGCCGAAAGGCCGAA AGGGOGG 

1092 GGGCOGG CUGACGAGGCCGAAAGGCCGAA ACCCCAD 

1093 OGGGCCG COGADGAGGCCGAAAGGCCGAA AACCCCA 
1125 OCAGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 
1163 GCAGGAG COGADGAGGCCGAAAGGCCGAA AGCOGCG 
1154 AGCAGGA COGADGAGGCCGAAAGGCCGAA AAGCUGC 
1156 AGAGCAG COGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGUCGCA COGADGAGGCCGAAAGGCCGAA AGCAGGA 

1200 UGOGOAU COGADGAGGCCGAAAGGCCGAA AGCCGGC 

1201 UU30GOA COGADGAGGCCGAAAGGCCGAA AAGCOGG 
1203 UCUUGUG COGADGAGGCCGAAAGGCCGAA AHAAGCU 

1227 GGACACG COGADGAGGCCGAAAGGCCGAA AGCOCCC 

1228 AGGACAC COGADGAGGCCGAAAGGCCGAA AAGCOCC 
1233 CADACAG COGADGAGGCCGAAAGGCCGAA ACACGAA 
1238 GGGGCCA COGADGAGGCCGAAAGGCCGAA ACAGGAC 
1264 CCCGGAC COGADGAGGCCGAAAGGCCGAA ADCCCUC 
1267 UODCCCG COGADGAGGCCGAAAGGCCGAA ACAADCC 

1294 DGCOGGG COGADGAGGCCGAAAGGCCGAA ADDOOCO 

1295 COGCOGG COGADGAGGCCGAAAGGCCGAA AADOOUC 
1306 CACAUOG COGADGAGGCCGAAAGGCCGAA AGOCOGC 
1321 OOCCCCC COGADGAGGCCGAAAGGCCGAA AGCCOGG 
1334 COCGGGC COGADGAGGCCGAAAGGCCGAA ACGGGTO 
1344 GACACOU COGADGAGGCCGAAAGGCCGAA AGCOCGG 
1351 UCCUUUA COGADGAGGCCGAAAGGCCGAA ACACOCG 
13S3 CADCCOO COGADGAGGCCGAAAGGCCGAA AGACACO 
1356 AGOGGGA COGADGAGGCCGAAAGGCCGAA AGOGCCA 

1367 CAGUGGG COGADGAGGCCGAAAGGCCGAA AAGOGCC 

1368 GCAGOGG COGADGAGGCCGAAAGGCCGAA AAAGOGC 
1380 ADOCCCC COGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGOCACU COGADGAGGCCGAAAGGCCGAA ADOCCCC 
1398 COCGAGO COGADGAGGCCGAAAGGCCGAA ACAGOCA 
1402 AGAOCUC COGADGAGGCCGAAAGGCCGAA AGOGACA 
1408 CCCOCAA COGADGAGGCCGAAAGGCCGAA ADCOCGA 
1410 OGCCCOC COGADGAGGCCGAAAGGCCGAA AGAOCUC 
1421 ACAGAGG COGADGAGGCCGAAAGGCCGAA AGGOGCC 
1425 CCCGACA COGADGAGGCCGAAAGGCCGAA AGGUAGG 
1429 CUGGCCC COGADGAGGCCGAAAGGCCGAA ACAGAGG 
1444 OCCCCOO COGADGAGGCCGAAAGGCCGAA AGCGCOC 
1455 CGCGGGU COGADGAGGCCGAAAGGCCGAA ACCOCCC 
1482 GGGGGGA COGADGAGGCCGAAAGGCCGAA AGCACAU 
1484 CCGGGGG COGADGAGGCCGAAAGGCCGAA AGAGCAC 
1433 AADCUCA COGADGAGGCCGAAAGGCCGAA ACCGGGG 
1500 UGAUGAC COGADGAGGCCGAAAGGCCGAA ADCOCAU 
1503 OGADGAO COGADGAGGCCGAAAGGCCGAA ACAADCU 
1506 CAGOGAO COGADGAGGCCGAAAGGCCGAA ADGACAA 
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1509 CCACAGU C0GAD3AGGCXGAAAGGCCGAA ADGACGA 

1518 CGGCOGC CDGADGAGGCCGAAAGGCCGAA ACCACAG 

1530 CCAUUAU COGAOTAGGCCGAAAGGCCGAA ACOGCGG 

1533 UGCCCAU CUGADGAGGCCGAAAGGCCGAA ADGACUG 

1551 ACGUGCU CUGADGAGGCCGAAAGGCCGAA AGGCCUG 

1559 AUAGAGG CDGADGAGGCCGAAAGGCCGAA ACGOGOJ 

1563 GGOUAUA COGAOGAGGCCGAAAGGCCGAA AGGUACG 

1565 GCGGCUA CUGAUGAGGCCGAAAGGCCGAA AGAGGOA 

1567 UGGCGGU CUGADGAGGCCGAAAGGCCGAA ADEAGAGG 

1584 ADUUCUU OXjADGAGGCCGAAAGGCCGAA ADCUGCC 

1592 UAGUCJG CXGA03AGGCCGAAAGGCCGAA ADUDCUU 

1599 CCOGOUG CD3AD5AGGCCGAAAGGCGGAA AGCCCGO 

1651 GOOCAGG C9SAD5AGGCCGAAAGGCCGAA AGGOGCG 

1661 CCCGGGA COSATOAGGCOSAAAGGCCGAA AGGTOCA 

1663 GCCCCGG COGADSAGGOOGAAAGGCCGAA AZJAGGUU 

1678 CGAGGAA CDGATCAGGCCGAAAGGCCGAA AGGCCOJ 

1680 GCCGAGG CDGAIX5AGGCCGAAAGGCCGAA AGAGGCC 

168 1 GGCCGAG OX3ADGAGGCCGAAAGGCCGAA AAGAGGC 
1^4 GAAGGCC CDSADaAGGCCGAAAGGCOGAA AGGAAGA 
l fi 90 AIIADGGG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
1*91 AAOEADGG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
ifi 96 CCACCAA CDGADGAGGCCGAAAGGCCGAA AOGGGAA 
l fi 98 DGCCACC CO3MX3AGG00GAAAGGCCGAA AOADGGG 
1737 CADGGCA CDGADGAGGCCGAAAGGCCGAA ADGOCUU 
1750 GOAGGOG CDGAB3AGGCCGAAAGGCCGAA AGCOGCA 

1756 GGGCCGG CDGADGAGGCCGAAAGGCCGAA AGGDGUA 
I 787 UGAGGAC CDGADGAGGCCGAAAGGCCGAA ADGCCCU 
1790 GACDGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
i793 UCTOACU CDGAD3AGGC0GAAAGGCCGAA AGGACAA 

1 757 OGUAUCU CDGADGAGGCCGAAAGGCCGAA ACDGAGG 
1802 GCDGTOG COGADGAGGCTGAAAGGCCGAA ADCOGAC 

1812 GGCCCCA CDGADGAGGCCGAAAGGCCGAA ADGCTOJ 

1 813 OGGCCCC CDGADGAGGCCGAAAGGCCGAA AADGCDG 
I 825 GUGCAGG CDGADGAGGCCGAAAGGCCGAA ACCADGG 
i837 AGUGOUU CDGADGAGGCCGAAAGGCCGAA AGGOGUG 
1845 CGCGGCC CDGADGAGGCCGAAAGGCCGAA AG0GOOT 
1856 CAGAUCA C0GAIX5AGGCCGAAAGGCCGAA ADGCGOG 
1 8 *1 GACOACA CDGADGAGGCCGAAAGGCCGAA ADCAGAU 
i865 AO30GAC CDGADGAGGCCGAAAGGCCGAA ACAGADC 
1868 GUCAD3U CUGADGAGGCCGAAAGGCCGAA ACUACAG 
1877 CUDGGCD CDGADGAGGCCGAAAGGCCGAA AG0CAUG 
I 901 AD30COT CDGADGAGGCCGAAAGGCCGAA AG0COOG 
1912 ADCCADC CDGADGAGGCCGAAAGGCCGAA AD CA UGU 

1922 AGACOUa CDGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 UAGACUU CDGADGAGGCCGAAAGGCCGAA AACADCC 
1928 CAGGCUA CDGADGAGGCCGAAAGGCCGAA ACOTOAA 
1930 AUCAGGC CDGADGAGGCCGAAAGGCCGAA AGACUUU 
1964 GOGGGGC CDGADGAGGCCGAAAGGCCGAA ADGDCOC 
I 983 CCAGTOG CUGADGAGGCCGAAAGGCCGAA ADGOCCU 
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1996 GUUUCAG CUGACGAGGCCGAAAGGCCGAA AUDUCCC 

2005 AGGCAGC CUGACGAGGCCGAAAGGCCGAA AGUUUCA 

2013 UACCCAA CUGAD3AGGCCGAAAGGCCGAA AGGCAGC 

2015 CADACCC CUGACGAGGCCGAAAGGCCGAA AUAGGCA 

2020 CUCAGCA CUGADGAGGCCGAAAGGCCGAA ACCCAAU 

2039 OJUOXjU CUGADGAGGCCGAAAGGCCGAA agucugu 

2040 UCUUCUG CUGAUGAGGCCGAAAGGCCGAA AAGUCUG 
2057 GUCUADG CUGACGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACADGUC CUGAUGAGGCCGAAAGGCCGAA ADGGAGG 
2071 UUGAOGC CUGAUGAGGCCGAAAGGCCGAA ACACACG 
2076 GUGUUUU CUGACGAGGCCGAAAGGCCGAA ACGCUAC 

2097 CGUCAGG CUGAUGAGGCCGAAAGGCCGAA AGUGCGG 

2098 CCGUCAG CUGAUGAGGCCGAAAGGCCGAA AAGUGCG 
2115 AGUGCCC CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 GUCAGUA CUGADGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA AGACAGC 
2145 OAUCAUC CUGADGAGGCCGAAAGGCCGAA AGGGUUG 
2152 AAAUACA CUGADGAGGCCGAAAGGCCGAA ADCAUCA 
2156 GAAUAAA CUGADGAGGCCGAAAGGCCGAA ACAOACC 

2158 AD3AAUA CUGADGAGGCCGAAAGGCCGAA AOACAUA 

2159 AADGAAU CUGADGAGGCCGAAAGGCCGAA AADACAO 

2160 AAAUGAA CUGADGAGGCCGAAAGGCCGAA AAAUACA 

2162 ACAAAUG CUGACGAGGCCGAAAGGCCGAA ACAAADA 

2163 AACAAAU CUGADGAGGCCGAAAGGCCGAA AAUAAAU 

2166 AAUAACA CUGAD3AGGCCGAAAGGCCGAA AUGAAUA 

2167 AAAUAAC CUGAUGAGGCCGAAAGGCCGAA AADGAAU 

2170 GUAAAAU CUGADGAGGCCGAAAGGCCGAA ACAAAUG 

2171 GGUAAAA CUGADGAGGCCGAAAGGCCGAA AACAAAU 

2173 CU3GUAA CUGADGAGGCCGAAAGGCCGAA AUAACAA 

2174 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AAQAACA 

2175 AGCUGGU CUGADGAGGCCGAAAGGCCGAA AAAUAAC 

2176 UAGCDGG CUGADGAGGCCGAAAGGCCGAA AAAADAA 
2183 GAAUAAA CUGADGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAADA CUGADGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGADGAGGCCGAAAGGCCGAA AAUAGCU 

2187 CACUCAA CUGADGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GACACUC CUGADGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CADAAAA CUGAUGAGGCCGAAAGGCCGAA ACACUCA 

2198 UACADAA CUGADGAGGCCGAAAGGCCGAA AGACACU 

2199 CUACADA CUGADGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCUACAD CUGADGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCUACA CUGADGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UUUAGCC CUGADGAGGCCGAAAGGCCGAA ACAUAAA 
2210 GUUCAUU CUGADGAGGCCGAAAGGCCGAA AGCCUAC 
2220 AGAGACC CUGADGAGGCCGAAAGGCCGAA ADGUUCA 
2224 GGCCAGA CUGAUGAGGCCGAAAGGCCGAA ACCUAUG 
2226 GAGGCCA CUGADGAGGCCGAAAGGCCGAA AGACCUA 
2233 GCUCCGU CUGADGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACUGG CUGADGAGGCCGAAAGGCCGAA AGCUCCG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB95/00156 

187 

2248 UGACAUG CDGADGAGGCCGAAAGGCCGAA ACDGGGA 

2254 UGAADGU CDGADGAGGCCGAAAGGCCGAA ACAUGGA 

2259 GACCUUG CDGADGAGGCCGAAAGGCCGAA ADGOGAC 

2260 UGACCUU CDGADGAGGCCGAAAGGCCGAA AADGDGA 
2266 ACCUGGU OJGADGAGGCXGAAAGGCCGAA ACCUOGA 
2274 ACAACDG CDGADGAGGCCGAAAGGCCGAA ACCDGGU 
2279 CCDGDAC CDGADGAGGCCGAAAGGCCGAA ACDGUAC 
2282 CAACCDG CDGADGAGGCCGAAAGGCCGAA ACAACCG 
2288 AGD3UAC CDGADGAGGCCGAAAGGCCGAA ACCDGUA 
2291 DGCAGOG COGAD3AGGCOGAAAGGCCGAA ACAACCU 
2321 CCCADUU CUGADGAGGCCGAAAGGCCGAA AUCUUUU 
2338 CAADGAG CTGADGAGGCCGAAAGGCCGAA AGDCCCA 
2329 CCAADGA CDGADGAGGCCGAAAGGCCGAA AAGDCCC 
2341 GGCCAAD CDGADGAGGCCGAAAGGCCGAA AGAAGUC 
2344 GDOGGCC CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

2358 CD3GGGA CJGADGAGGCCGAAAGGCCGAA AGGCAGG 

2359 DCOGGGG CDGADGAGGCCGAAAGGCCGAA AAGGGAG 

2360 UDCDGGG CDGADGAGGCCGAAAGGCCGAA AAAGGCA 

2376 AEAGAAA CDGADGAGGCCGAAAGGCCGAA ADCACDC 

2377 GADMAA CDGADGAGGCCGAAAGGCCGAA AADCACU 

2378 CGADAGA CDGADGAGGCCGAAAGGCCGAA AAADCAC 

2379 CCGAUAG CDGADGAGGCCGAAAGGCCGAA AAAADCA 

2380 GCCGADA CDGADGAGGCCGAAAGGCCGAA AAAAAUC 
2382 GDGCCGA CD3ADGAGGCXGAAAGGCCGAA AGAAAAA 
2384 DD3D3CC CDGADGAGGCCGAAAGGCCGAA AUAGAAA 
2399 GDCCADA CUGATOAGGGCGAAAGGCCGAA AGDGCUU 
2401 CAGDCCA CDGADGAGGCCGAAAGGCCGAA AHAGOGC 
2411 GAACCAU CDGADGAiQGCCGAAAGGCCGAA ACCAGOC 

2417 ACCD3UG CDGADGAGGCCGAAAGGCCGAA ACCAUUA 

2418 AACCDGU CDGADGAGGCCGAAAGGCCGAA AACCADU 

2425 A DCDCUG CDGAU3AGGCCGAAAGGCCGAA ACCOGDG 

2426 AADCUCU COGAD3AGGCCGAAAGGCCGAA AACCDGU 

2433 ACOGGGU CDGADGAGGCCGAAAGGCCGAA ADCDCUG 

2434 CACUGGG CDGADGAGGCCGAAAGGCCGAA AADCUCU 

2448 GAGGAAU CDGADGAGGCOSAAAGGCCGAA AGGCCUC 

2449 GGAGGAA CDGADGAGGCCGAAAGGCCGAA AAGGCCU 

2451 AGGGAGG CDGADGAGGCCGAAAGGCCGAA ADAAGGC 

2452 AAGGGAG CDGAD3AGGCCGAAAGGCCGAA AAUAAGG 
2455 GGGAAGG CDGADGAGGCCGAAAGGCCGAA AGGAAUA 

2459 DGGGGGG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 

2460 DD3GGGG CDGADGAGGCCGAAAGGCCGAA AAGGGAG 

2479 GCUAACA CDGADGAGGCCGAAAGGCCGAA AGGDGDC 

2480 GGCDAAC CDGADGAGGCCGAAAGGCCGAA AAGGDGU 

2483 GGDGGCD CDGADGAGGCCGAAAGGCCGAA ACAAAGG 

2484 AGGDGGC CDGADGAGGCCGAAAGGCCGAA AACAAAG 
2492 GGGDGGG CDGADGAGGCCGAAAGGCCGAA AGGDGGC 
2504 AGAAADS CDGADGAGGCCGAAAGGCCGAA ADGDGGG 
2508 DGGCAGA CDGADGAGGCCGAAAGGCCGAA ADGOAUG 
25 °3 COGGCAG CDGADGAGGCCGAAAGGCCGAA AADGDAU 
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2510 ACUGGCA CCGACGAGGCCGAAAGGCCGAA AAADGUA 

2520 CAUUGUG CUGAD3AGGCCGAAAGGCCGAA ACACOGG 

2521 UCAUUGU CUGADGAGGCCGAAAGGCCGAA AACACUG 
2533 GACCGCU OT3ADGAGGCXXSAAAGGCCGAA AGOGDCA 
2540 CAGACAU CUGADGAGGCCGAAAGGCCGAA ACCGCUG 
2545 AUGUCCA OX5ADGAGGCXGAAAGGCCGAA ACADGAC 
2568 UOGGGCA CUGAD3AGGCCGAAAGGCCGAA ADDCCCJ 
2579 CAAGGCA CUGAOSAGGCCGAAAGGCCGAA AGCDDGG 
2535 AGAGGAC OTGADGAGGCXGAAAGGCCGAA AGGCADA 
2568 ACAAGAG CDGADGAGGCCGAAAGGCGGAA ACAAGGC 
2591 AGGACAA CDGADSAGGCOGAAAGSCCGAA AGGACAA 
2593 ACAGGAC C0GADGAGGCO3AAAGGCCGAA AGAGGAC 
2596 CAAACAG OXSAIXSSKXXXGAAAGGCa^ ACAAGAG 

2601 AAADGCA COGADGAGGCCGAAAGGCOSAA ACAGGAC 

2602 GAAADGC COGAIJGAGGCCGAAAGGCCGAA AACAGGA 

2607 CCAGCGA CDGADGAGGCCGAAAGGCCGAA ADGCAAA 

2608 CCCAGTO CUGADGAGGCCGAAAGSCCGAA AADGGAA 

2609 UCCCAGa COGAtXSAGGCCGAAAGGCCGAA AAADGCA 
2620 AUAGDGC CDGA03AGGCCGAAAGGCCGAA AGCOCCC 
2626 GCUGCAA OTGATOAGGCCGAAAGGCCGAA AGDGCAA 
2628 GAGCDGC COGADGAGGCCGAAAGGCCGAA ADAGDGC 
2635 GAAACUG CUGADGAGGCCGAAACGCCGAA AGCOGCA 

2640 UGCAGGA CUGATOAGGCCGAAAG5CCGAA ACD3GAG 

2641 CTGCAGG C0GAO3AGGCCGAAAGGCCGAA AACDGGA 

2642 ACDGCAG CDGAD3AGGCCGAAAGGCCGAA AAACUGG 
2653 GGACCCU CDGAOGAGGCCGAAAGGCCGAA ADCACOG 
2S59 CUUGCAG CTOADQAGGCCGAAAGGCCGAA ACCCOGA 
2689 CCUCCAA CCGAD3AGGCCGAAAG5CCGAA ACCUOGG 
2631 GtfCCOCC OX»D3AGreCGAAAGGOCGAA ADACCTO 
2700 OGGGAGG CTGADGAGGCCGAAAGGCCGAA AGDCCOC 
2704 AAGCUGG COGA03AGGCCGAAAGGCCGAA AGGGAGD 

2711 CCUUCCA CUGADGAGGCCGAAACGCCGAA AGCOGGG 

2712 CCCOUCC COGADGAGGCCGAAAGGCCGAA AAGCDGG 
2721 CGCGGA0 CDGADCSAGGCCGAAAGGCCGAA ACCCOOC 
2724 ACACGCG CTOATOAGGCCGAAAGGCCGAA ADGACCC 
2744 COACACA COC3ADGAGGCCGAAAGGCCGAA ACACACA 
2750 GCCTOOC CUGATOAGGCCGAAAGGCCGAA ACACADA 
2759 AGAGCGA C0GAD3AGGCOGAAAGGCCGAA AGC UU G U 
2761 ACAGAGC OX3ADGAGGOTGAAAGGCCGAA AGAGCDU 
2765 GGOSACA COSAD3AGGCCGAAAGGCOGAA AGGGAGA 
2769 CCOGGGQ CUGADGAGGCCGAAAGGCCGAA ACAGAGC 
2797 GAACCAU CUGADGAGGCCGAAAGGCCGAA ADDGCAC 

2803 UGGAGUG COSAD3AGGCCGAAAGGCCGAA ACCADGA 

2804 COGCAGD CTGADGAGGCCGAAAGGCCGAA AACCADG 
2813 AGGDCAA CUGADGAGGCCGAAAGGCCGAA ACDGCAG 
2B15 AAAGGUC CTGADGAGGCCGAAAGGCCGAA AGACDGC 

282 1 AGCCCAA CCGAUGAGGCCGAAAGGCCGAA AGGDCAA 

2822 GAGCCCA CUGADGAGGCCGAAAGGCCGAA AAGGOCA 

2823 DGAGCCC CTGADGAGGCCGAAAGGCCGAA AAAGGUC 
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2823 ADCACUU CUGAOGAGGCCGAAAGGCCGAA AGCCCAA 

2837 GOGGGAG COGADGAGGCCGAAAGGCCGAA ADCACUU 

2840 GAGGUGG COGADGAGGCCGAAAGGCCGAA AGGADCA 

2847 GGAGGCU CTOADGAGGCXGAAAGGCCGAA AGGOGGG 

2853 OACUCAG CUGAOGAGGCCGAAAGGCCGAA AGGCCGA 

2860 UCCCAGC COGADGAGGCCGAAAGGCCGAA ACOCAGG 

2872 GUGAGCC COGADGAGGCCGAAAGGCCGAA ADGGDCC 

2877 GUGUOGU COGADGAGGCCGAAAGGCCGAA AGCCQAD 

2899 AAAADCA COGADGAGGCTGAAAGGCCGAA ADUCGCC 

2900 AAAAADC COGADGAGGCCGAAAGGCCGAA AADUCGC 

2904 AAAAAAA OXSADGAGGCOTAAAGGCCSAA ADCAAAU 

2905 AAAAAAA COGADGAGGCCGAAAGGCCGAA AADCAAA 

2906 AAAAAAA CUGAOGAGGCCGAAAGGCCGAA AAADCAA 

2907 AAAAAAA COGADGAGGCCGAAAGGOCGAA AAAADCA 

2908 AAAAAAA COGADGAGGCCGAAAGGCCGAA AAAAADC 

2909 AAAAAAA COGADGAGGCCGAAAGGCCGAA AAAAAAD 

2910 AAAAAAA COGADGAGGCOGAAAGGCOGAA AAAAAAA 

2911 AAAAAAA COGADGAGGCOGAAAGGCOGAA AAAAAAA 

2912 GAAAAAA COGADGAGGOTGAAAGGCCGAA AAAAAAA 

2913 OGAAAAA COGADGAGGCCGAAAGGCCGAA AAAAAAA 

2914 COGAAAA COGADGAGGCCGAAAGGCCGAA AAAAAAA 

2915 OCOGAAA OJGADGAGGCCGAAAGGCCGAA AAAAAAA 

2916 CUCOGAA COGAIXSAGGCC»UU*GGCXX^ AAAAAAA 

2917 JOX-IKA COGADGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GUCUCOG OX3ADGAGGCCGAAAGGCCGAA AAAAAAA 

2919 OGUCUCU COGAOGAGGCOSAAAGGCCGAA AAAAAAA 
2931 GUOGCGA COGADGAGGCCGAAAGGCCGAA ACCCCGU 
2933 ADGDOG C CUGAOGAGGCCGAAAGGCCGAA AGACCCC 
2941 UCOGGGC COGADGAGGCCGAAAGGCCGAA ACGUUGC 
2951 . ACAAAGG COGADGAGGCCGAAAGGCCGAA AGUCUGG 
2952 CACAAAG CUGAOGAGGCCGAAAGGCCGAA AAGDCCG 

2955 UAACACA COGADGAGGCCGAAAGGCCGAA AGGAAGU 

2956 CUAACAC COGADGAGGCCGAAAGGCCGAA AAGGAAG 

2961 ADUAACU COGADGAGGCCGAAAGGCCGAA ACACAAA 

2962 UADUAAC COGADGAGGCCGAAAGGCCGAA AACACAA 

2965 CUUUADU COGADGAGGCCGAAAGGCCGAA ACUAACA 

2966 GCUUUAU COGADGAGGCCGAAAGGCCGAA AACUAAC 
2969 AAAGCUU COGADGAGGCCGAAAGGCCGAA ADUAACU 

2975 GCOGAGA COGADGAGGCCGAAAGGCCGAA A GCUUUA 

2976 AGUOGAG COGADGAGGCCGAAAGGCCGAA AAGCUUU 

2977 CAGUOGA COGADGAGGCCGAAAGGCCGAA AAAGCUU 
2979 GGCAGUU COGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Riboryme Sequence 

nt. Position Ribozyme Sequence 



II CAAGGGU CD3A0GAGGCCGAAAGGCCGAA ACCAGGG 

23 AGCAGAG CDGADGAGGCCGAAAGGCCGAA ACCACDG 

2 * AGGAGCA CDGADGBGGCCGAAAGGCCGAA AGAACCA 

31 DGUGGAG OTADGAGGCOSttAGGCCGAA AGCAGAG 

34 CGACCCO COG A OSAGGCCGAAAGGCCGAA ADGAGAA 

40 AGGCOAC COGADSAGGCCGAAAGGCCGAA AGOGDGC 

48 CCAGGCa aXSATOAGGCCGAAAGGCCGAA AGGOCCD 

5 4 CCADCAC OTSAIX3AGGOCGAAAGGCCGAA AGGCCCA 

53 GGAGCOA. CDGAD3AGGC0GAAAGGCCGAA AGGCADG 

64 CDGCDGG CTOUJGAGGCXX3AAAGGCCGAA AGGGGDG 

96 GGGCCAG OTSAD3AGGC«3UU«^ AGCAGAG 

102 CCAGCAG CDGADGAGGCCGAAAGGCCGAA ACOGGCA 

108 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

US AGGAG CA CDGADGAGGCCGAAAGGCCGAA AGAACCA 

119 DCCOGGU CDGADGAGGCCGAAAGGCCGAA ACADDCC 

120 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
146 GGAAGCG CJGADGAGGCCGAAAGGCCGAA ACGACDG 
152 AGD3GOJ CDGADGAGGCCGAAAGGCCGAA ACACAGA 
X53 GGDUOOU CDGADGAGGCCGAAAGGCCGAA AACAGGA 
165 QCAAAAC CDGADGAGGCCGAAAGGCCGAA ACDDCDG 
168 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCOD 
18S CDGCACG CDGADGAGGCCGAAAGGCCGAA ACCCACC 
209 GCCAGAG CDGADGAGGCCGAAAGGCCGAA AAGOGGC 
227 GCAAAAC CDGADGAGGCCGAAAGGCCGAA ACDDCDG 
230 GGAGCAA CDGADGAGGCCGAAAGGCCGAA ACAACOU 
237 AGOOCOC CDGADGAGGCCGAAAGGCCGAA AAGCACA 
248 DDDAGGA CDGADGAGGCCGAAAGGCCGAA ADGGGDU 
253 UCODCCD CDGADGAGGCCGAAAGGCCGAA AGGCAGG 
263 CAGOAGA CDGADGAGGCCGAAAGGCCGAA AAACCCU 
267 OAGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCCCO 
293 CAGCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
319 GGCDCAG CDGADGAGGCCGAAAGGCCGAA ADCDCOJ 
335 GODCDCA CDGADGAGGCCGAAAGGCCGAA AGCACAG 

337 CAGDGDG CDGADGAGGCCGAAAGGCCGAA ADDGGAC 

338 DCAGCDC CDGADGAGGCCGAAAGGCCGAA AACAGCU 
359 AGCGGAC CDGADGAGGCCGAAAGGCCGAA ACOGCAC 
367 CGGGDDG CDGADGAGGCCGAAAGGCCGAA AGCCADD 

374 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCODC 

375 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 
378 ACACGGD CDGADGAGGCCGAAAGGCCGAA ADGGUAG 
386 AAACGAA CDGADGAGGCCGAAAGGCCGAA ACACGGD 
394 AGADCGA CJGADGAGGCCGAAAGGCCGAA AGDCCGG 
420 CGGGGGG CJGADGAGGCCGAAAGGCCGAA AAGDGDG 
425 CJGCUGG CJGADGAGGCCGAAAGGCCGAA AGGGGUG 
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CACUGCU CUGAUGAGGCCGAAAGGCCGAA AGAGCUG 
GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
AGUGGCU CUGAUGAGGCCGAAAGGCCGAA AGGGUAA 
ACACGGU CUGA0SAGGCCGAAAGGCCGAA ACGGUAG 
CCCCACG CUGAUGAGGCCGAAAGGCCGAA AGCAGCA 
GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
CCCADGU CUGAUGAGGCCGAAAGGCCGAA AC C UUliC 
CADGAGA CUGAUGAGGCCGAAAGGCCGAA ABGGGCU 
GCAEGAG CUGAUGAGGCCGAAAGGCCGAA AAUGGGC 
GGCAUGA OTGAUGAGGCCGAAAGGCCGAA AAAUUGG 
GCGGCAU CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 
CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
UCAGCUC CUGAUGAGGCCGAAAGGCCGAA AACAGCU 
GGOGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCUCG 
AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 
AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 
AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 
GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
UGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGCCGCC 
AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGCA 
CGGAGCU CUGAUGAGGCCGAAAGGCCGAA AAAAGUU 
UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 
CCAUCAC CUGAUGAGGCCGAAAGGCCGAA AGGCCCA 
GGAAGCG CUGAUGAGGCCGAAAGGCCGAA ACGACUG 
GGCAGGA CBGADGAGGCGGAAAGGCCGAA ACAGGCC 
UUCCAGG CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 
AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUOCA 
AGUCUCC CUGAUGAGGCCGAAAGGCCGAA AGCCCAG 
CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 
GGGUGUC CUGAUGAGGCCGAAAGGCCGAA AGCUUUG 
CAACGGU CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AQGUCUC 
CCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGUGGCU 
GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 
CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 
ACGGGUU CUGAUGAGGCCGAAAGGCCGAA AAGCCAU 
UCACCUC CUGAUGAGGCCGAAAGGCCGAA ACCAAGG 
CCAGAAU CUGAUGAGGCCGAAAGGCCGAA AUUAUAG 
GGACCAG CUGAXX3AGGCCGAAAGGCCGAA AUGAUUA 
AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 
AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 
GAGCUGA CUGAUGAGGCCGAAAGGCCGAA AAGUUGU 
GGAGCUG CUGAUGAGGCCGAAAGGCCGAA AAAGUUG 
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1005 UCUCCAG CUGADGAGGCCGAAAGGCCGAA ADCUGGU 

1006 UUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUCA 
1023 CUOCCGA CUGADGAGGCCGAAAGGCCGAA ACCOCCA 
1025 CCOJUCC CUGADGAGGCOSUAGGCCGAA AGACCUC 
1066 UUADUUU CUGAOTAGGCCGAAAGGCCGAA AGAGOGG 

1092 GGCCUGA CUGADGAGGCCGAAAGGCCGAA ADCCAGU 

1093 UUGGCUG CDGAIJ3AGGCCGAAAGGCCGAA A GGU C C A 
1125 UCAAGAA CUGADGAGGCCGAAAGGCCGAA AGUUGGG 

1163 GCAAAAG CUGADGAGGCCGAAAGGCCGAA AGCOUCG 

1164 AGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCUUC 
1166 AGAGCAA CUGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGOUUUU CUGADGAGGCCGAAAGGCCGAA AACAGGA 

1200 UGDGGAG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 

1201 CUGUUCA CUGADGAGGCCGAAAGGCCGAA AAGCAGC 
1203 ACUGGDG CUGADGAGGCCGAAAGGCCGAA AAAAAGU 

1227 GCACACG CUGADGAGGCCGAAAGGCCGAA ADGUACC 

1228 AGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCUUC 
1233 CUCUCCG CUGADGAGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA CUGADGAGGCCGAAAGGCCGAA ACAGCAC 
1264 CUUGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
1267 UUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUCA 

1294 GGCUCAG CUGADGAGGCCGAAAGGCCGAA ADCUCCD 

1295 CUGCUGA CUGADGAGGCCGAAAGGCCGAA ACCCCUC 
1306 CADUUCA CUGADGAGGCCGAAAGGCCGAA AGUCUGC 
1321 UCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCUUC 
1334 UUUAGGA CUGADGAGGCCGAAAGGCCGAA ADGGGUU 
1344 CACUCUC CUGADGAGGCCGAAAGGCCGAA AGCUCAU 
1351 UAACUUA CUGADGAGGCCGAAAGGCCGAA ACADUCA 
1353 CACCUUC CUGADGAGGCCGAAAGGCCGAA ACCCAOT 

1366 AGDUGUA CJGADGAGGCCGAAAGGCCGAA ACUGUUA 

1367 AGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGCU 

1368 AGAGOGG CUGADGAGGCCGAAAGGCCGAA ACAGCAC 
1380 CCACCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGCCACU CUGADGAGGCCGAAAGGCCGAA AGUCUCC 
1398 GUUCOGU CUGADGAGGCCGAAAGGCCGAA ACAGCCA 
1402 AGDUCUC CD3ADGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCUCCCC OTGADGAGGCCGAAAGGCCGAA ADCUCGC 
1410 CCCU U CC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
1421 ACAAAAG CUGADGAGGCCGAAAGGCCGAA AGGUGGG 
1425 CDCOACC CUGADGAGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC CUGADGAGGCCGAAAGGCCGAA AUAGAGA 
1444 UCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCUUC 
1455 DCCUGGU CDGADGAGGCCGAAAGGCCGAA ACAUUCC 
1482 GGGAGCA CUGADGAGGCCGAAAGGCCGAA AACAACU 
1484 CADGAGG CUGADGAGGCCGAAAGGCCGAA AGAACAG 
1493 GUUCUCA CUGADGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU CDGADGAGGCCGAAAGGCCGAA AUUUCAD 
1503 GAAUGAU CUGADGAGGCCGAAAGGCCGAA AUAGUCC 
1506 CGGUUAU CUGADGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU CUGAOGAGGCCGAAAGGCCGAA ADGGOAG 

1518 CGCCOGG CUGAOGAGGCCGAAAGGCCGAA ACCADGA 

1530 CCAGAAO CUGAOGAGGCCGAAAGGCCGAA ADUADAG 

1533 GGCCCAC COGADGAGGCCGAAAGGCCGAA AOGACCA 

1551 AGCUGCO COGADGAGGCCGAAAGGCCGAA AGGCAUG 

1559 AGGOGGG COGADGAGGCCGAAAGGCCGAA AGGUGCU 

1563 GGOUAUA COGADGAGGCCGAAAGGCCGAA ACADAAG 

1565 GCGGUUA COSAKTSAGGCCGAAAGGCCGAA AAACAUA 

1567 OGGCGGU CUGAOGAGGCCGAAAGGCCGAA AOAAACA 

1584 AOADCCO COGADGAGGCCGAAAGGCCGAA ADCUUUC 

1592 OAACUUG COGADGAGGCCGAAAGGCCGAA ADADCCU 

1599 CCUUCUG COGADGAGGCCGAAAGGCCGAA AAOJUAJ 

1651 GCUCAGG CD3ADGAGGCCGAAAGGCCGAA AGGUGGG 

1661 CAAAGGA COGADGAGGCCGAAAGGCCGAA AGGUUUC 

1663 UUCAAAG CUSUXSU3GCCGAAAGGCCGAA AAAGGUU 

1678 CCAGGCU CUGADGAGGCCGAAAGGCCGAA A GG UC CU 

1680 CCAGAGG COGADGAGGCCGAAAGGCCGAA AGOGGCO 

1681 GCCAGAG COGADGAGGCCGAAAGGCCGAA AAGUGGC 
1684 ACAGCCA COGADGAGGCCGAAAGGCCGAA AGGAAGO 

1690 AGADCGA COGADGAiXCCGAAAGGCCGAA AGOCCGG 

1691 AAGADCG CUGAOGAGGCCGAAAGGCCGAA AAGOCCG 
1696 CCACCCC CCGAD3AGGCC GA AAGGCCGAA ADGGGCA 
1698 CUCCAGG CUGAOGAGGCCGAAAGGCCGAA. AOADCCG 
1737 GCUGGOA CUGAOGAGGCCGAAAGGCCGAA AGGOCUC 
1750 UGAGGUG CUGAOGAGGCCGAAAGGCCGAA AGCCGCC 
1756 GGGCAGG COGADGAGGCCGAAAGGCCGAA AGGCUUC 
1787 UGGGGAC CUGAOGAGGCCGAAAGGCCGAA ADGOCUC 
1790 AUUAGAG OXSADGAGGCXSAAAGGCCGAA ACAADGC 
1793 OCCAGCC OTGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 UUUADGU CUGAOGAGGCCGAAAGGCCGAA ACUGGOG 
1802 UCUCCAG COGADGAGGCCGAAAGGCCGAA ADCUGGU 

1812 GGCC0GA COGADGAGGCCGAAAGGCCGAA ADCCAGU 

1813 UGAGGGU OTGADGAGGCCGAAAGGCCGAA AADGCOG 
1825 GCAGAGG OX5ADGAGGCCGAAAGGCCGAA AGCGOGG 
1837 GGAGCUA CUGAOGAGGCCGAAAGGCCGAA AGGCADG 
1845 GGOGGCC CUGAOGAGGCCGAAAGGCCGAA AGGCOCG 
1856 AAGADCG COGADGAGGCCGAAAGGCCGAA AAGUCCG 
1861 UACOGGA CUGAUGAGGOCGAAAGGCCGAA AOCAOGU 
1865 CUGAGGC CUGAOGAGGCCGAAAGGCCGAA ACAAGUG 
1868 UUUADGU CUGAOGAGGCCGAAAGGCCGAA ACUGGUG 
1877 AGCUGCU CUGAOGAGGCCGAAAGGCCGAA AGGCAUG 
1901 GOCCCUU CUGAOGAGGCCGAAAGGCCGAA AGUUUUA 
1912 ACUGAUC CUGAOGAGGCCGAAAGGCCGAA ACUAUAD 

1922 UAACUUA CUGAOGAGGCCGAAAGGCCGAA ACAOOCA 

1923 GAUACCU CUGAOGAGGCCGAAAGGCCGAA AGCAOCA 
1928 COGGOAA CUGAOGAGGCCGAAAGGCCGAA ACUCOAA 
1930 AGCUGGU CUGAOGAGGCCGAAAGGCCGAA AAACUCU 
1964 UGGGGAC CUGAOGAGGCCGAAAGGCCGAA AUGUCUC 
1S83 UAACUUG CUGAOGAGGCCGAAAGGCCGAA AuAUCCU 
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1396 GGCUGAG CUGAUGAGGCCGAAAGGCCGAA ADCUCOJ 

2005 GGUCCGC CUGAUGAGGCCGAAAGGCCGAA AGCUCCA 

2013 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 

2015 CCACCCC GJGAUGAGGCCGAAAGGCCGAA AUGGGCA 

2020 CUCAGAA CUGAUGAGGCCGAAAGGCCGAA AACCACC 

2039 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 

2040 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2057 GGATOUG CUGAUGAGGCCGAAAGGCCGAA AGGAGCA 
2061 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AUGGUAG 
2071 CUGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGUG 
2076 OAGCUCU CUGAUGAGGCCGAAAGGCCGAA AGGCUAC 

2097 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 

2098 CGGGQGG CUGAUGAGGCCGAAAGGCCGAA AAG U C U G 
2115 AUCCUCC OTAUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 
2130 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2145 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 
2152 AAGUCUA CUGAUGAGGCCGAAAGGCCGAA AUUAAUA 
2156 UAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCAA 

2158 AUUAAUA CUGAUGAGGCCGAAAGGCCGAA ADACAUC 

2159 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2162 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2163 AAUOAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2166 AAUAGAG CU3AUGAGGCCGAAAGGCCGAA AUGAAGU 

2167 AAUUAAU COGADGAGGCCGAAAGGCCGAA AAUACAU 

2170 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2171 GGGAGCA CUGAUGAGGCCGAAAGGCCGAA AACAACU 

2173 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACOCUAA 

2174 GCU3GUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2175 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAAUAAA CU3AUGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGAUGAGGCCGAAAGGCCGAA AAUAGCU 

2187 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GGUACUC CUSAUGAGGCCGAAAGGCCGAA AUAAAUA 
2136 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 

2198 AACAUAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGC 

2199 AUAAACA CUGAUGAGGCCGAAAGGCCGAA AAGAGGC 

2200 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 

2201 GCCGACA CUGAUGAGGCCGAAAGGCCGAA AAAACUU 
2205 UCAGGCC CUGAUGAGGCCGAAAGGCCGAA ACAUAAA 
2210 AGCCACU CUGAUGAGGCCGAAAGGCCGAA AGUCUCC 
2220 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2224 GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
2226 GCGGCCU CUGAUGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2242 ' GGUCCGC CUGAUGAGGCCGAAAGGCCGAA AGCUCCA 
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2248 UGGGAUG CUGADGAGGCCGAAAGGCCGAA AUGGAUA 

2254 UCAGUGU CUGADGAGGCCGAAAGGCCGAA AADUGGA 

2259 GACCGUG CUGADGAGGCCGAAAGGCCGAA AOGUGAU 

2260 GCACCGU CUGADGAGGCCGAAAGGCCGAA AAUGUGA 
2266 UCCUGGU CUGADGAGGCCGAAAGGCCGAA ACADUCC 
2274 UC U CCAG CUGADGAGGCCGAAAGGCCGAA ADCUGGU 
2279 CUUGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2282 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUU 
2288 AGGCCAU CUGADGAGGCCGAAAGGCCGAA ACUUADA 
2291 AGCAGAG CUGADGAGGCCGAAAGGCCGAA ACCACUG 
2321 CCCADSU CUGADGAGGCCGAAAGGCCGAA AUCUtJUC 

2338 CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGUCUCA 

2339 CAAAGGA CUGADGAGGCCGAAAGGCCGAA AGG UU UC 
2341 AGGCUGG CUGADGAGGCCGAAAGGCCGAA AGAGGUC 
2344 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ADCGAAA 

2358 CUGCUGA CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

2359 UCUGUUC CUGADGAGGCCGAAAGGCCGAA AAAGCAG 

2360 UUCAAAG CUGADGAGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG CUGADGAGGCCGAAAGGCCGAA ACCACCU 

2377 CUCAGAA CUGADGAGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CUGADGAGGCCGAAAGGCCGAA AAACCCU 

2379 CUUADGA CUGADGAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CUGADGAGGCCGAAAGGCCGAA AAAACUU 
2382 GGGGCAA CUGADGAGGCCGAAAGGCCGAA AGAGAAU 
2384 UDGDGUC CUGADGAGGCCGAAAGGCCGAA ACUGGAU 
2399 GUCCACA CUGADGAGGCCGAAAGGCCGAA AGUGUUU 
2401 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUU 
2411 GCADCCU CUGADGAGGCCGAAAGGCCGAA ACCAGUA 

2417 ACGUADG CUGADGAGGCCGAAAGGCCGAA ACCADUC 

2418 GGCCUGA CUGADGAGGCCGAAAGGCCGAA ADCCAGU 

2425 AACCCUC CUGADGAGGCCGAAAGGCCGAA ACCCAUG 

2426 AAACUCU CUGADGAGGCCGAAAGGCCGAA AAUUAAU 

2433 GCDGGUA CUGADGAGGCCGAAAGGCCGAA AACUCUA 

2434 AGCUGGU CUGADGAGGCCGAAAGGCCGAA AAACUCU 

2448 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 

2449 GGGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCUU 

2451 AGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGC 

2452 GAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 

2459 GGGGGGG CUGADGAGGCCGAAAGGCCGAA AGUGUGG 

2460 CGGGGGG CUGADGAGGCCGAAAGGCCGAA AAGUGUG 

2479 GCUGGUA CUGADGAGGCCGAAAGGCCGAA AGGUCUC 

2480 GGAUCAC CUGADGAGGCCGAAAGGCCGAA ACGGUGA 

2483 GGUGGCU CUGADGAGGCCGAAAGGCCGAA ACAUUGG 

2484 GACUGGU CUGADGAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGCU 
2504 ACAAAAG CUGADGAGGCCGAAAGGCCGAA AGGUGGG 

2508 UGGGAUG CUGAUGAGGCCGAAAGGCCGAA AUGGAUA 

2509 CUGGUAA CJGAUGAGGCCGAAAGGCCGAA ACUCUAA 
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2510 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2520 CAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2521 UGAGGGU CUGAUGAGGCCGAAAGGCCGAA AACGCUG 
2533 GAOACCU CUGAUGAGGCCGAAAGGCCGAA AGCAUCA 
2540 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACCGCUG 
2545 AGGACCA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
2568 UUUGACA CUGAUGAGGCCGAAAGGCCGAA ACUUCAC 
2579 CAGGCCA CUGAUGAGGCCGAAAGGCCGAA AACUUAU 
2585 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2588 ADUAGAG CUGAUGAGGCCGAAAGGCCGAA ACAADGC 
2591 AGGAGCA CUGAUGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
2596 CADUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA CUGAUGAGGCCGAAAGGCCGAA ACACGGU 

2602 GGGACGG CUGAUGAGGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 

2608 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2609 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
2620 GCAGGGU CUGAUGAGGCC G AAAGGCCGAA AGGUCC U 
2626 GCUGGAA CUGAUGAGGCCGAAAGGCCGAA ADCGAAA 
2628 AGGCUAC CUGAUGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2653 GCAUCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGQA 
2659 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2689 CCUCGGA CUGAUGAGGCCGAAAGGCCGAA ACAUUAG 
2691 GGCCUCG CUGAUGAGGCCGAAAGGCCGAA AGACAUU 
2700 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
2704 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCC UUC 
2724 GCACACG CUGAUGAGGCCGAAAGGCCGAA AUGOACC 
2744 CUGCACG CUGAXX5AGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CUGAUGAGGCCGAAAGGCCGAA ADAAAUA 
2759 AGAUCGA CUGADGAGGCCGAAAGGCCGAA AGUCCGG 
2761 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGAUGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU CUGAUGAGGCCGAAAGGCCGAA AUUUCAU 

2803 CGCCUGG CUGAUGAGGCCGAAAGGCCGAA ACCAUGA 

2804 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 

2321 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 

2322 AAGUCCG CUGAUGAGGCCGAAAGGCCGAA AGGCJCC 

2323 "GGGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 ADGADOA OJGA0GAGGCO3UUUS3CCGAA AGOCCAG 

2837 UCAGAAG C0GADGAGGCO2AAAGGCCGAA ACCACCU 

2840 CAGGCAG COGAOGAGOXGAAAGGCCGAA AGOCUCA 

2847 GGOGGCO OX3ADGAGGCCGAAAGGCCGAA ACADUGG 

2853 AACAOAA COGADGAGGCCGAAAGGCCGAA AGGCOGC 

2860 UCACAGU COGADGAGGCCGAAAGGCCGAA ACOCGGC 

2872 COOGGCO COGADGAGGCCGAAAGGCCGAA AAGGOCC 

2877 GOGAD3G OX5ADGAGGCCGAAAGGCCGAA AGCGGAA 

2899 AAGADCG OX3ADGAGGCCGAAAGGCCGAA AAGOCCG 

2900 AAAACOC OXjADGAGGCCGAAAGGCCGAA AAAOOAA 

2904 AAOAGAG COGADGAGGCCGAAAGGCCGAA ADGAAGO 

2905 CAAUAGA COGADGAGGCCGAAAGGCCGAA AADGAAG 

2906 UAADAAA COGADGAGGCCGAAAGGCCGAA ACADCAA 

2907 AAAOOAA CDGADGAGGCCGAAAGGCCGAA AAAHACA 

2908 AGCAAAA COGACT3AGGCCGAAAGGCCGAA AAGCOOC 

2909 AGAGCAA COGADGAGGCCGAAAGGCCGAA AGAAGCO 

2910 AAAOOAA COGADGAGGCCGAAAGGCCGAA AAAOACA 

2911 AAAOOAA COGADGAGGCCGAAAGGCCGAA AAAOACA 

2912 GACADOA COGADGAGGCCGAAAGGCCGAA AGAACAA 

2913 OGACCAG CDGAOGAiGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUAUGA COGADGAGGCCGAAAGGCCGAA AAAAGCA 

2915 OCOAAAO COGADGAGGCCGAAAGGCCGAA AADAAAO 

2916 CDCCGGA COGADGAGGCCGAAAGGCCGAA ACGAAUA 

2917 OCOCCGG COGADGAGGCCGAAAGGCCGAA AACGAAU 

2918 COCOCCG COGADGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCO COGADGAGGCCGAAAGGCCGAA ADGAGAA 
2931 CDUCCGA COGADGAGGCCGAAAGGCCGAA ACCOCCA 
2933 CCCOOCC COGADGAGGCCGAAAGGCCGAA AGACCOC 
2941 OGGGGAC COGADGAGGCCGAAAGGCCGAA ADGOCOC 

2951 GCAGAGG COGADGAGGCCGAAAGGCCGAA AGCGOGG 

2952 CACAGCG COGADGAGGCCGAAAGGCCGAA ACOGCOG 

2955 OGACACA COGADGAGGCCGAAAGGCCGAA AGOCACO 

2956 OOGADOC COGADGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGOGGCO COGADGAGGCCGAAAGGCCGAA ACACAGA 

2962 AADOAAO COGADGAGGCCGAAAGGCCGAA AAOACAO 

2965 COOUAOU COGADGAGGCCGAAAGGCCGAA ADOCAAA 

2966 CCOCDGC COGADGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACOO COGADGAGGCCGAAAGGCCGAA ADOGAOO 

2975 GCOGGOA COGADGAGGCCGAAAGGCCGAA AACUCOA 

2976 AGOAGAG COGADGAGGCCGAAAGGCCGAA AACCCOC 

2977 CAGCOCA COGADGAGGCCGAAAGGCCGAA ACAGCOO 
2979 GGCAAOA COGADGAGGCCGAAAGGCCGAA AGAADGA 
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GGGUACUU C CCCCAGGC 
ACCCACCU C CUCUGGCU 
AUACDUGU A GCCUCAGG 
AGAAGGOT C AGGAGGAG 
GGGAGUAU C ACCAGGGA 
AGGGUACU U CCCCCAGG 
ACCGCUCU U CCUCUUGC 
CCTCGGGU U GGAGACUA 
CGUGAAAD U ALC3UCAA 
GAAAAD3U U CCAACCAC 
TOGGUCAU A AUDGUCGG 
GCCACCAU C ACOGUGUA 
GOCCUGGU C GCCGUDGU 
ACCOGGGU C AUAAUUGU 
CTOABCAD U GCGGGCUU 
gxjur c u C OGCUCGOA 
TOGGAAGU C CCUGOUOA 
0CCUACCU U UGUUCCCA 
UUACACCU A UUACCGCC 
ACACCOAU U ACCGCCAG 
AGGAAGAU C AGGAOAQA 
CAGGAOAD A CAAGUOAC 
OACAAGUU A CAGAAGGC 
0000BOJ U C CCUGAGCC 
CUGCACUU U GCCCOGGU 
GAACAGAU C AAUGGACA 
GAGAACCU C GGCCUGGG 
GGGCUUCU C CACAGGUC 

QGcaxwu a ccugccuc 
coccccgu A gaccucuc 

CCCCAOCU A CAUACAUU 
CCGGACUU U OGADCUUC 
CUUJUUGU C CUGGUCGC 
UCAGAUAU A CCUGGAGA 
GflOCA CAP U CAOGGUGC 
GUCCADUU A CAOCUADU 
CCUCOQCU C C3GGULUJ 
GMAACCU C GGCCUGGG 
GACACCGU C CCCAACUC 
A0GGUCCU C ACCUGGAC 
tXXC UUJU U AAAAACCA 
GCUCAGA0 A OACCUGGA 
AACAGAGU C UGGGGAAA 
GCGGGCUU C GUGAUCGU 
GCCACCAD C ACUGUGUA 
ACCCAOCU C ACAGGGUA 
AGAGG ACU C GGAGGGGC 
CCCCUAA0 C UGACCUGC 
CADGUGCU A UAUGGUCC 
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1365 QADCCGGU A 

1863 GCACGAGtf C 

1877 AZAGOACU U 

1901 COAAAACU 
1512 GttCAGAU 

1322 A1JGUAAGU 

1323 CtSGACGCT 
1328 GcrCCAGAU 
1330 ttJGAGACT 
1364 AC1AGACCU 
1383 G;jGAACCT 
1336 CCGAAGOJ 
2005 AIOTAAGU 
2013 cccoaccn 

2015 CCGCCOA0 
2020 CRDDGAGQ 

2039 CGGAGGAU 

2040 CCCGACCT 
2057 CC3GUCCU 
2061 GC3CCCAU 
2071 An\CUCGU 
2076 CGJAGCCU 

2037 CCAACOCU 

2038 CCUGACCU 
2115 OTrCGACU 

2128 ag;;gccgu 

2130 gc cuguuu 

2145 CC3JUCCCU 

2152 OTCiAGAAU 

2156 DGJdCAGOU 

2158 CGJDSOAU 

2159 GACGOADU 

2160 AOGOADOU A 

2162 AaUUCCU A 

2163 OAOOUAOT A ADOGAGAG 

2166 (XaOCUAa U GAOTAADO 

2167 GA03CATO U ADOAADUC 

2170 GUAOTUAU U AADUCAGA 

2171 CAG3GADU U AUCGAGUA 

2173 OGOSCOAU A UGGOCCOC 

2174 lX:Ui.UATO A CCCC U GCT 

2175 AUUIXJUUU C 

2176 GAAilADTO U 
2183 UGAflAGUU A 

2185 ACAErOUAU U OADUGAGU 

2186 CAQJUADa U AXJCGAGOA 

2187 AGUUADUU A ODGAGOAC 
2189 UUAIFDUA0 U GAGOACCC 
2196 ccgscagu U AUUGAIJUG 
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GACACAAG 
ADADAAAU 
CCCCCAGG 
AAGGOACA 
AADGGACA 
ADCGCCUA 
ACCOOTAG 
UACCOGGA 
ACCGGAOG 
OUGUCACC 
GGCCCGGG 

aacAAGCT 

ADUGCCUA 
CCGGGADG 
GGGADGGO 1 
CCCOGQAC 
ACAAAOQA 
COGGAGGU 
CAADGGCtf 
OACAOCGA 
GCC UCA GG 
A GGC CDAA 
GUOTADGU 
CUGGAGGa 
GGGU CC W 
CCADGADC 
CTGCCOCU 
GUCGADGQ 
UACAACOT 
UOUADCGA 
UAUUAAXJU 
ADUAAOTC 
UQAAUUCA 
COJUUGUU 



ACGAGTCA 
CCAACCAC 
UUUADUGA 
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GAACGUCU 
AGACCCDa 
GGGGACUU 
GGGC PUOJ 
UUUCGOGU 
TCGAGACU 
GAGAACCU 
ACAJGACAD 
CUGGACCU 
OCACGCOU 
ACACAG07 
CUCCTOCT 
ACCCAAOa 
GATCACAU 
AUCACAUU 
AOCAGGAU 
GAGCAGG3 
GGAAAGA0 
ACAGCUA0 
GCCCUGGa 
CAGGAUA0 A 
GGAAAGAU C 
COGGGCTO 
GGGUACUU 
GGGOCCGU 
CCGCDCGU 

cccrocca 

CCAOCCAa 
CUUUUGUU 
GAACUGCU 
GACUUCCU 
GCUUAUUU C 
CUGCUCUU C 
OGAUUUCU U 
AUULRJUUU C 
UADCCGOT A 
UAAADACU A 
OCTOCUAU A 
CAADUDCa C 
ABCAGGAD A 
OCAXX3CUU C 
UUAUCAAU V 
CCUGGGGU U 
UCAGAGUU C 
CGGAGGAU C 
UGAACAGU A 
GAAGCCOU C 
GGCCUGUU u 
GCCUgCUU c 
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CGAGGUCA 
CATOCCAG 
CCCCAGGC 
CACAGGCC 
AGCCACCG 
ACCGGADG 
GGCCQGGG 

caacccu 

AGGCCACA 
ACAGAACU 
DOGUAGU 
CCGGOCGC 
ACACOGAA 
CACGGCGC 
ACGGOGCU 
OACAAGDU 
AACASGOA 
ADACGGG U 
UAbUiAGU 
CDCCAACG 
CAAGTOAC 
ADACGGGU 
OCCACAGG 
CCCCAGGC 
GGUfCUCA 
GACCOCCC 
CCCCCACA 
CCACAGAA 
CCOGGAAG 

uuccucuu 

CDCUADUA 
UTOCACGA 
CTCUDGCG 
UCACGAGU 
ACGAGCCA 
GACACAAG 
OSCGGACG 
TOGCCCCC 
AOGCDDCA 
UACAAGUU 
ACAGAACU 
CAGAGODC 

ggagacua 
cgacagot 
acaaacga 
cuuccccc 
cogccucg 
cccgccuc 

CCGCCCOJ 
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ACADUCCU 
CCCOGCCU 
CCUACCUU 
UUACACCU 
G3CGCCGU 
AC OJUUGU 
CJUUUCSJU 
GACCACCU 
ACCUACAD 
ACADACAD 
CADACADU 
GUCCADUU 
ACCUUUGU 
CCUUUGUU 
ACAGCADU 
UCGGDGCU 
AGGCAGCU 
CAGAGAUU 
CCOGCACU 
CUGCUCXAJ 
DGCCUCCU 
OJUJUULU 
UOTCUADU 
COCCOGGU 
WUGCUAU 
GDCCOGGU 
GUGGGAGU 
COUUAGCU 
USGAGACU 
tXAGAGOU 
COCUCAGU 
UACAACDU 
UCACAGAD 
GCDCAGGU 
CCCCAOCU 
GCOJUJUU 
CCACAGGU 
AGAAGGGU 
ACDAGGGU 
tXZAGGCCT 
AGGGUACU 
GACCACCU 
CCCDACCU 
CCUACCUU 
GGAAAGAU 
AAGADCAU 
GGGUSGAU 
G tA Xl UUJ 
GACGAACU 



A CCUUUGUU 
C CDCCCACA 
U GUUCCCAA 
A UUACCGCC 
U GUGADCCC 
U CCCAADGU 
C CCAADGOC 
C CCCACCUA 
A CAUIAJLUA 
U CCUAOCUU 
C CUACCUUU 
A CACCUADU 
U CCCAADGU 
C CCAADGDC 
U ACCCC D CA 
C AGGCADCC 
C CGGACUUU 
U CGDGOCAG 
U U3CCCUGG 
A GACCDCUC 
C CCACAGCC 
C DUGCGAAG 
A CCCCOGCD 
C COGGBCGC 
A U SG UCC UC 
C GCCGUUGU 
A DCACCAGG 
C CCGUGGGA 
A ACTOGAOG 
C OSACAGUU 
A G0GCOGCU 
U DCAGCOCC 
C CAADDCAC 
A DCCAUCCA 
A CADACADU 
C CTOCCOCU 
C AGGGOGCU 
C COGCAAGC 
C COGAAGCU 
A AGAGGACD 
U CCCCCAGG 
C CCCACCOA 
D AGGAAGGU 
A GGAAGSDG 
C AUACGGGU 
A CGGGUUDG 
C CG0GCAGG 
U DAAAAACC 
A UCGAGDGG 
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2956 
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2965 
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2969 



CGGACUDU 
CUUUUGCU 
UUCUCUAU 
CGDGAAAU 
CUCADGCU 
UCADGCUU 
GC UCCCAU 
CGGACUUU C 
CC03ACCU C 
UACAACUU U 
CAACDUUU 
UCGGDGCU 
CACAGGGU 
GCACCCCU 
UUACCCCU 
UUCGAOCU 
UCUUGOGU 
GGGCCUGU 
UGGAGUCU 
AGGCAGCU 
GGCOGACU U 
CAACTSCU C 
GGCUGACU 
GUUGAUGU 
CUGCUCUU 
tJGATOUAU 
GAACDGCU 
ACUUCCUU 
UUCCUUCU 
ALXjUAOUU A 
UOT30ADU C 
GUADUUAU U 
UAJJUUAUU A 
COCUDCCU C 
CDDCCDCU U 
ADUUCUUU C 
UUUUGDGU C 
GABSGUGU C 
XX3GAGUCU C 
CAGUACUU C 
ACCADGCU 
CCGGACUU 
UGCUDCOJ 
CDDDCCUU 
UOUDGDGU 
UGDSUADU 
CUUDGAAU 
UGGAAGCU 
GAADCAAU 
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u 
c 
c 
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c 
u 
c 
c 
c 
c 

A 



GAUCUUCC 
UGCGGCCU 
ACCCCOGC 
ADGGUCAA 
CACAGAAC 
ACAGAACU 
CCGACCCU 
GAUCUUCC 
CDGGAGGU 
CCAGCUCC 
AGCUCCCA 
AGGUAUCC 
CUUCCCCC 
CCAGCGCA 
ACCCACCU 
CCGACOAG 
CCCUGGAA 
GGCGCUCA 
CCAGCACC 
CGGACUUU 
CC UUCUCU 

uuccucuu 

CCUUCUCU 
UUUAUUAA 
CUCUUGCG 
UAUUAAUU 
UUCCUCUU 
OCUAUUAC 
UADUACCC 
UUAAUUCA 
GUUCCCAG 
AAUUCAGA 
AUUCAGAG 
UUGCGAAG 
GCGAAGAC 
ACGAGUCA 
AGCCACUG 
CCGCUGCC 
CCAGCACC 
CCCCAGGC 
CCUCUGAC 
CGADCUUC 
UGACAUGG 
GAADCAAU 
AGCCACUG 
GUUCCCAG 
AADAAAGU 
UUCAAGCU 
AAGUUUUA 
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2975 UGGAAGOJ C UUCAAGOT 

2976 UMJADGGU C CCCACCOG 

2977 GAAGCDCU U CAAGCDGA 
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Table 10: Rat ICAM HH Ribozyme Sequences 



nt . Rat HH Ribozym* S«qu«ae« 

Position 

11 UCAGCGCG C03ADGAGGCCGAAAGGCCGAA ADCGGACC 

23 UAGAGAAG OJGADGAGGCCGAAAGGCCGAA AAGUCAGC 

26 AAGAGGAA OXM*»GGCCGAAAGGCCGAA AGCAGOCC 

31 AGGACCAC CDSADGAGGCCGAAAGGCCGAA AGCAGAGG 

34 GUAHADCU CUGAOGAGGCCGAAAGGCCGAA AGCUUCAG 

40 GGGGCDOG CCGADGAGGCCGAAAGGCCGAA ACCOTGAG 

48 CCCAGGCC CUGAOGAGGCCGAAAGGCCGAA AGGUCCCC 

54 GGCUCAGG OX3A0GAGGCCGAAAGGCX5AA AGGCGGGG 

58 GGGAGCUA CUGAD3AGGCCGAAAGGCCGAA AGGGACGG 

54 ACGGOTVXr CUSADSAGGCCGAAAGGCCGAA AGCCADUG 

96 AGGACCAG COGADGAGGCOEUttGGCCGAA AGCAGAGG 

102 GCGACCAG CUGAOGAGGCCGAAAGGCCGAA ACCAGGAG 

108 AGUUCCCC CUGAD5AGGCCGAAAGGCCGAA AGCAGOCC 

115 USGGAACA CUSADGAGGCCGAAAGGCGGAA AGGOAGGA 

119 GAGOTOGG CCGAD5AGGCCGAAAGGCOGAA ACAGCGCC 

120 GGCCCGGG COGADGAGGCCGAAAGGCCGAA ADCACAAC 
146 GGAGUOCC COGADGAGGCCGAAAGGCCGAA A GG 3 CUG G 
152 UU3AGGU3 COGADGAGGCCGAAAGGCCGAA AGCCGGGU 

. 158 UGACUCGU CUGAOGAGGCCGAAAGGCCGAA AAAGAAAD 

165 GGGGGAAG CDGADSAGGCCGAAAGGCCGAA ACUGUOCA 

163 CGAGGCAG C0GAO3AGGCCGAAAGGCCGAA AAGGCCOC 

185 CCU3CACG COGADGAGGCCGAAAGGCCGAA ADCCACCC 

209 GGOCAGAD COGADGAGGCOGAAAGGCCGAA AGGGGCOG 

227 OUCACAGO CDSADGAGGCCGAAAGGCCGAA ACOCGGOC 

230 CCOCCCAC CDGADGAGGCCGAAAGGCCGAA ACAGCUCG 

237 GGGGDGOC CUGADGAGGCCGAAAGGCCGAA AGCDOCAG 

248 UOCUAAGG C0GAD3AGGCCGAAAGGCCGAA AGGGGGCC 

253 CCDCCACU CUGADGAGGCCGAAAGGCCGAA AGGCAGOG 

263 GCADSAGA COGAD3AGGCCGAAAGGCCGAA ADOGGCUC 

267 CGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCUOC 

293 UCAGCOUG CUGAOGAGGCCGAAAGGCCGAA AGAGCOUC 

315 UCGUOOGU COGADGAGGCCGAAAGGCCGAA ADCCUCCG 

335 AGUUCUCA CDGAD3AGGCCGAAAGGCCGAA AGCACAGU 

337 GAGGACCA CDGAD3AGGCCGAAAGGCCGAA ADAGCACA 

338 CUCAGCUU CUGADGAGGCCGAAAGGCCGAA AAGAGCUD 
359 AAGCCGAG CUGAOGAGGCCGAAAGGCCGAA ACUGCGCG 
367 ACGGGUTO CUGAOGAGGCCGAAAGGCCGAA AGCCADCG 

374 AGGOGGGU CUGAOGAGGCCGAAAGGCCGAA AGGGGUAA 

375 GAGGCAGG CUGAOGAGGCCGAAAGGCCGAA AGGCOOCU 
378 UACCCDGU COGADGAGGCCGAAAGGCCGAA AGGOGGGU 
386 AGCOCCAA CUGAOGAGGCCGAAAGGCCGAA ACACAGCG 
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394 CCGUUCAG OX»DG3U3GCCGAAAGGC»^ AGCACCAC 

420 TOCGC03G OEMX3AGGCCGAAAGGCXGAA AGGGGOGC 

425 GGCGGCAG CUGATOAGGCCGAAAGGCO^A AGCCGAGG 

427 OGGUUUUU C0SADGMSCCGAAAGGCO3AA AACAGGGA 

450 CGCAGGAU CDGAIXiAa^Ca^lAGGCaaA AGGUUCUU 

451 GCCOSGGG COGMX»GGCCGAAAGGCCGAA AAGUACCC 
456 OSGOSGCA CDGATOfcGGCCGAAAGGCOGAA AAGCCGAG 
495 OACACAGU COGAD3AGGCCGAAAGGCCGAA ADGGCGGC 
510 0O0CCACG COCarxaGGCCGAAAGGCOGAA AGCAGCAC 
564 G0GG00GG aJGADGAGGCa3AAAGGCCGAA ACADUUOC 
592 OCCCDGGa aXSUOGAGGOGAAAGGCCGAA A0AC0CCC 

607 GCADGAGA OXS*DGAGGCCGAAAGGCCGAA ADUGGC0C 

608 AGCADSAG COGATOAGGCCGAAAGGCOGAA AAD0GGO7 

609 AAGCADGA OTSAOGAGGCOGAAAGGCCGAA AAADOGGC 
611 UGAAGCAU CDGADGAGGCOGAAAGGCCGAA AGAAADUG 

656 CAJOTCTOG COGADtMGCCGAAAGGCaGAA ACAG0GAC 

657 ACADOCUU COSATOAGGCCGAAAGGCCGAA AACAGUGA 
6^8 AAGAGGAA CtEATOAGGCCGAAAGGCCGAA AGCAGOOC 
677 050GCCT3G OX5AIX3AGGCCGAAAGGCOGAA AGGGGOGC 
684 AAAGTCCG OX»tt»GGCCGAAAGGCCGAA AGC0GCCU 

692 GGAGOOCC aX»03AGGCCGAAAGGCCGAA AGG0C0GG 

693 GGAAGADC axaXXMGOSjAAAQGOC^ AAAGOCCG 
696 AGAGGCAG aJGAOSAGGCCGAAAGGCCGAA AAACAGGC 
709 OT3AGGGG GAiALIGAGGCCGAAAGGCCGAA AAADGCUG 
7 20 GAGCOSAA COGADGAGGCCGAAAGGCCGAA AGOOGQAG 
723 33GGAGC0 GJ3ADGAGGCCGAAAGGCCGAA AAAAGOUG 
735 GOGACCAG QXSATOAGGCCGAAAGGCCGAA ACCAGGAG 
738 90CACCCC OXaADGAGGCCGAAAGGCCGAA AGGCAGGA 
765 AGODCaCA OTGATCAGGCCGAAAGCKXGAA AGCACAGO 

769 UOCCAQ QG CCX3ADGAGGOOGAAAGGCOGAA ACACAAGA 

770 CTOCCAGG CaSATOAGQCCGAAAGGCCGAA. AACACAAG 

785 AGGCAGGA OTaTOAGGCCGAAAGGCCGAA ACAGGCCO 

786 GAGGCAGG OXjADGAGGCCGAAAGGOCGAA AACAGGCC 
792 GOGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 
794 GAGCUUA COSADGAGGCCGAAAGGCCGAA AGGCAGGA 
807 OCCAGGDA. COSADSAGGCCGAAAGGCCGAA ADC0GAGC 
833 OAGOOTCC CKSUXaAGGCOGAAAGGCCGAA ACOC CA GG 
846 CAAOAAA0 CXXaADSAGGGCGAAAGGCOGAA AC0GOCAG 
851 AGCOSCOA C9SAD3AGGGCGAAAGG0CGAA AGGDGAGC 
863 ACbUi UUi COSAD3AGGCOGAAAGGCCGAA AGCCADUG 

866 TX XjaOG CQSAD3AGGCOGAAAGGCOGAA AAGCAOGG 

867 a&GGTOGG C03AIX3AGGCCGAAAGGCCGAA AGGOGGOC 
869 CTOOGCAA COGAD5AGGCCGAAAGGCCGAA AGGAAGAG 
881 CACGGGOO CB3ADGAGGCOGAAAGGCCGAA AAGCCACTJ 
885 UOCACAGU COGAD3AGGCCGAAAGGCCGAA AC00GG0C 
933 C03GGAAC CTOAIXaGGCCGAAAGGCCGAA AADACACA. 
936 OGACACAA OX3AD3AGGCCGAAAGGCCGAA ADCUC0GC 
978 AAGUUGUA COGADGAGGCCGAAAGGCCGAA ADOCOCAA 
980 AAAAGOOG COGADGAGGCCGAAAGGCCGAA AGADUCUC 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



208 



PCT/IB95/00156 



986 GAGCOGAA COGADGAGGCCGAAAGGCCGAA AGDUGOAG 

987 GGAGCOGA COGADGAGGCCGAAAGGCCGAA AAGUOGOA 

988 GGGAGCTO COGADGAGGCCGAAAGGCCGAA AAAGUOGU 
1005 GACGCCA C COGADGAGGCCGAAAGGCCGAA ADCACGAA 

CCOGGOGA COGADGAGGCCGAAAGGCCGAA ACOCCCAC 

1023 CC00CO3A COGATCMGCCGAAAGGCCGAA ACCOCCGG 

1025 CCCCOCCD CUGADGAGGCCGAAAGGCCGAA XGACCOCC 

1066 UTOGSAAC COGADGAGGCCGAAAGGCCGAA AAGGOAGG 

1092 UCTOCTOA COGADGAGGCCGAAAGGCCGAA ACCCCUCO 

1093 AGGGGCCG COGAOGAGGCCGAAAGGCCGAA ACCCCCCO 
1125 AECAACAA COGADGAGGCCGAAAGGCCGAA AGUCGGGG 

1163 AGCAAAAG COGAOGAGGCCGAAAGGCCGAA AGCGCCGO 

1164 GAGCAAAA COGAOGAGGCOSUU«£X3GAA AAGCG0CG 
1166 CAGAGCAA COGADGAGGCCGAAAGGCCGAA AGAAGCOT 
1172 AGGCCGGA COGADGAGGCCGAAAGGCCGAA AGCAAAAG 
^0° OOCAGOGO COGADGAGGCCGAAAGGCCGAA AADCGGAD 

CCOTOGGA COGADGAGGCCGAAAGGCCGAA AAGCCCAA 

1203 GACCCGOG COGADGAGGCCGAAAGGGCGAA AGAAGCCC 

1227 AGCACADG COGADGAGGCCGAAAGGCCGAA AGTOCCAA 

1228 ACGADCAC OX3ADGAGGCCGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG OTGADGAGGCOGAAAGGCCGAA ACCAGGAG 
1238 GAGGACCA COGADGAGGTO3AAAGGCCGAA ADAGCACA 
1264 ACCCUiAU COGADGAGGCCGAAAGGCCGAA ADC0COCC 
1267 CAOCCDOC OTGADGAGGCCGAAAGGCCGAA ACAG0GAC 

1294 CCGACACA COGADGAGGCCGAAAGGCCGAA AADCCCCG 

1295 OCCGCOGA COGADGAGGCCGAAAGGCCGAA ACCCC0CO 
1306 GCACGCA A COGADGAGGCCGAAAGGCCGAA AGCCUGCD 
1321 OUCCCCCA COGADGAGGCCGAAAGGCCGAA ACD CUUUU 
1334 GCUCOGGG COGADGAGGCCGAAAGGCCGAA ACGAAEAC 
1344 GGADACCU aX3ADGAGGCO»AAGGCCGAA AGCACCGA 
1351 ACTCCOCa COGAXX5AGGCCGAAAGGCCGAA AGGCCDGA 
1353 CCADOGOO COGADGAGGCCGAAAGGCCGAA AGCOGCDA 

1366 CCOGGGGG CCX3ADGAGGCCGAAAGGCOGAA AGOACCCO 

1367 GCCOGGGG OX»DGAGGCCGAAAGGCOGAA AAGOACCC 
1363 GGCAGCGG COGAOGAGGCCGAAAGGCCGAA ACACCADC 
1380 ACCADCCC COGADGAGGCCGAAAGGCCGAA ADAGGCAG 
1388 CADCCAGC COGADGAGGCCGAAAGGCCGAA AGOCOCCA 

1398 oc occreo cogadgaggccgaaaggccgaa acagccag 

1402 CAGUOCUC COGAOGAGGCCGAAAGGCCGAA AAGCACAG 

1408 GACGCCAC COGADGAGGCOSAAAGGCCGAA ADCACGAA 

1410 GOCCACOC COGADGAGGCCGAAAGGCCGAA ACEA GUUCG 

142 1 GCCOGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 

1425 AGCCAGAG COGADGAGGCCGAAAGGCCGAA AGGCGGGO 

1429 CCCGAGGC COGADGAGGCCGAAAGGCCGAA ACAAGUAD 

1444 OXCUCCT COGADGAGGCCGAAAGGCCGAA AGCCUUCU 

1455 UCCCCGGU COGADGAGGCCGAAAGGCCGAA ADACOCCC 

1482 CCCGGGGG CDGADGAGGCXXBUU^KXGAA AGOACCCO 

1484 GCAAGAGG COGADGAGGCCGAAAGGCCGAA AGAGCAGO 

-* 93 UAGUCUCC COGADGAGGCCGAAAGGCCGAA ACCCCAGG 
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1500 UOSACCAD OJGADGAGGCCGAAAGGCCGAA AD00CACG 

1503 GO3G0DGG COSAOSAGGCCGAAAGGCCGAA ACADUUUC 

1506 CCAACAAD COSADGAGGCCGAAAGGCCGAA ADGACCCA 

1509 UACACAGU COSADGAGGCCGAAAGGCCGAA ADGGDGGC 

1518 ACAACGGC COSADGAGGCCGAAAGGCCGAA ACCAGGAC 

1530 ACAAUOAD COSADGAGGCCGAAAGGCCGAA ACCCAGGQ 

1533 AAGCCCGC COSAXXaGGCCGAAAGGCCGAA ADGADCAG 

1551 UACGAGGA COSAOSAGGCCGAAAGGCCGAA AGGGCCAC 

1559 UAAACAGG COSADGAGGCCGAAAGGCCGAA ACOOCCCA 

1563 tXSGGAACA COSADGAGGCCGAAAGGCCGAA AGGOAGGA 

1565 GGCGGOAA CUGAOGAGGCCGAAAGGCCGAA AGGOGOAA 

1567 COSGCGGU C0GAO3AGGCCGAAAGGCCGAA ADAGG U G U 

1584 aADATCCU COSAOSAGGCCGAAAGGCCGAA ADCOCCCU 

1592 GOAACDOG COSAOSAGGCCGAAAGGCCGAA ADADCCOG 

1599 GCL1/OLTJG OX3ADGAGGCCGAAAGGCCGAA AACOOSUA 

1651 UuUA,*GG C0GAD3AGGO3GAAAGGCCGAA AGGCGGGG 

1661 AOCAOG GC Ca3»OGAGGOTGAAAGGCCGAA AAGDGCAG 

1663 OOTCCADU COGADSAGGCOGAAAGGCCGAA AUUJUJU C 

1678 COCAGGCC CDGAD3AGGCCGAAAGGCOGAA A 0UUUCU C 

1680 GACUXM5 C0GADGAGGOT3AAAGGCCGAA ACaAGCCC 

1681 GAGGCAGG COGAOGAGGCCGAAAGGCCGAA AACAGGCC 
1684 GAGAGGOC COSAOSAGGCCGAAAGGCCGAA AGSAGCAG 

1690 AATCOAOG COSAOSAGGCOUAAGGCCGAA AGGOGGGG 

1691 GAAGADCG COSAOSAGGCCGAAAGGCCGAA AAGOCOGG 
1696 GCGACCAG COSAOSAGGCCGAAAGGCCGAA ACCAGGAC 
1698 OC PCCAGG COSAOSAGGCCGAAAGGCCGAA ADADCOGA 
1737 GCA CCGOG COSAOSAGGCCGAAAGGCCGAA ADGCGADC 
1750 AADAGGOS COSAIX5AGGCCGAAAGGCCGAA AAADGGAC 
1756 AQGA CCAG COSADGAGGCCGAAAGGCCGAA AGCAGAGG 
1787 C OCAGG CC COSAOSAGGCCGAAAGGCCGAA AGGCOCOC 
1790 ^OTTOGG COSAOSAGGCCGAAAGGCCGAA ACAGOGDC 
1793 GOSCAGGP COGATCAGGCCGAAAGGCCGAA AGGACCAD 
1797 OGGOUOOU COSAOSAGGCCGAAAGGCCGAA AACAGGGA 
1802 TXXMUUh COSADGAGGCOGAAAGGCCGAA ADCDGAGC 

1812 OTTCCCCA COSAOSAGGCCGAAAGGCCGAA ACDCUGUU 

1813 ACGA0CAC COGAOSAGGCCXWUIGGCCGAA AAGCCCGC 
1825 DACACAGO COSAOSAGGCCGAAAGGCCGAA ADGGOGGC 

1837 uacccoso cosadgaggccgaaaggccgaa aggogggd 

1845 gocccdcc cosadgaggccgaaaggccgaa agcccocu 

1856 gcaggoca cosaosaggccgaaaggccgaa adoagggg 

1861 qgaccana cosadgaggccgaaaggccgaa agcacaog 

1865 C0O3O3OC COSADGAGGCCGAAAGGCCGAA ACCGGADA 

1868 ADDOADAD COSADGAGGCCGAAAGGCCGAA ACDCGOGA 

1877 CC03GGGG COGADGAGGCCGAAAGGCCGAA AGCACDGD 

1^01 OOTACCOO COSADGAGGCCGAAAGGCCGAA AGOOUUAG 

1512 O30CCADU COSADGAGGCCGAAAGGCCGAA ADCDGUDC 

1922 UAGGCAAU COSAOSAGGCCGAAAGGCCGAA ACDUACAU 

1923 CGAAAGGD COSADGAGGCCGAAAGGCCGAA AGCGOCCA 
1928 DCCAGG0A COSADGAGGCCGAAAGGCCGAA ADCDGAGC 
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1330 GADCCAGU COGADGAGGCCGAAAGGCCGAA AGCCOCCA 

1564 GCUGACAC COGADGAGGCCGAAAGGCCGAA AAADCOCU 

1563 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGGCCCOC 

1596 AGCODGAA COGADGAGGCCGAAAGGCCGAA AGCUOCCA 

2005 OAGGCAAD aXSADGAGGCCGAAAGGCCGAA ACOOAaUT 

2013 CADCCCGA OX3ADGAGGCCGAAAGGCCGAA AGGCAGC3 

2015 ACCADCCC CUGADGAGGCGGAAAGGCGGAA AQAGGGAG 

2020 GOACAGGG CCGADGAGGCCGAAAGGOCGAA AC0CAADA 

2039 UCUUUAJU OX3ADGAGGCCGAAAGGCCGAA ADCCDCCG 

2040 ACC0C CA O CDGATOAGGCOSU^GCCGAA AGGOCAGG 
2057 AGCCADDG COGADGAGGCCGAAAGGCCGAA AGGACCAG 
2061 CRGGOGOA COGADGAGGCCGAAAGGCCGAA ADGGACGC 
2071 CC0GAGGC a*SADGAGG03»AAGGCCGAA ACAAG0AO 
2076 OOAGGCCU OXSADGAGGCCGAAAGGCCGAA AGGCQACA 

2097 ACADCAAC itajaDGAGGCCGAAAGGCCGAA AGAGUOGG 

2098 ACC O OCAG COGAQSAGGCCfflUUU3GCCGAA AGGOCAGG 
2115 CAGGACCC CDGADGAGGCCGAJUW3GCCGAA AGOCGGAA 
2128 GADCADGG CUGADGAGGCCGAAAGGCCGAA ACAGCACO 
2130 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
2145 ACADCAAC COGADGAGGCCGAAAGGCCGAA AGAGOOGG 
2152 AAGOCGCA COGADGAGGCCGAAAGGCCGAA AD0CUCAA 
2156 OCAADAAA COGADGAGGCCGAAAGGCCGAA AACOGOCA 

2158 AADUAADA CUGADGAGGCCGAAAGGCCGAA ADACADCA 

2159 GAADUAAU CDGATOAGGCCGAAAGGCCGAA AADACADC 
2160. UGAADOAA CUGADGAGGCCGAAA GG C CG AA AAADACA0 

2162 AACAAAGG CUGADGAGGCCGAAAGGCCGAA AGGAADGO 

2163 COCCGAAD CUGADGAGGCCGAAAGGCCGAA AADAAA0A 

2166 AAUUAADA. COGADGAGGCCGAAAGGCCGAA ADACADCA 

2167 GAADUAAU CUGADGAGGCCGAAAGGCCGAA AADACADC 

2170 CCUGAADU COGADGAGGCCGAAAGGCCGAA ADAAADAC 

2171 0ACUCAAD CD3ADGAGGCCGAAAGGCCGAA AADAACOG 

2173 GAGGACCA COGADGAGGCCGAAAGGCCGAA ADAGCACA 

2174 ftGCAGGGG COGADGAGGCCGAAAGGCCGAA AADAGAGA 

2175 BGACUCGO CUGADGAGGCCGAAAGGCCGAA AAAGAAAD 

2176 3O9G00GG CDGATOAGGCCGAAAGGCCGAA ACAUUUJC 
2183 JCAADAAA CUGADGAGGCCGAAAGGCCGAA AACDGDCA 

2185 \CUCAADA COGADGAGGCCGAAAGGCCGAA ADAACUGO 

2186 3ACDCAAD COGADGAGGCCGAAAGGCCGAA AADAACOG 

2187 30ACDCAA CUGADGAGGCCGAAAGGCCGAA AAADAACU 
2189 3GGUACUC COGADGAGGCCGAAAGGCCGAA ADAAADAA 
2196 CAADAAA0 COGADGAGGCCGAAAGGCCGAA ACOGOCAG 

2198 XjACCDCG CUGADGAGGCCGAAAGGCCGAA AGACADUC 

2199 <:USGCADG COGADGAGGCCGAAAGGCCGAA AAGAGOCO 

2200 '3CCUGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 

2201 <*ACCUGUG COGADGAGGCCGAAAGGCCGAA AGAAGCCC 
2205 HAGOGGCU COGADGAGGCCGAAAGGCCGAA ACACAAAA 
2210 iZADCCAGO CUGADGAGGCCGAAAGGCCGAA AGOCOCCA 
2220 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGGOOCOC 
2224 'LAGGOAGG COGADGAGGCCGAAAGGCCGAA AUGUAUGU 
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2226 OGOTGCCO C0GADGAGGCC3AAAGGCCGAA AGGOCCAG 

2233 AGOOCOGD COGADGAGGCCGAAAGGCCGAA AAGCADGA 

2242 ACOACDGA COGADGAGGCCGAAAGGCCGAA AGCOGCGU 

2248 GCGACCAG CUGADGAGGCCGAAAGGCCGAA ACCXGGAG 

2254 OOCAGOGD CDGADGAGGCCGAAAGGCCGAA AADCGGAU 

2259 GCACCCCG CDGADGAGGCCGAAAGGCCGAA ACGCGADC 

2260 AGCACCGU CDGADGAGGCCGAAAGGCCGAA AACGOGAO 
2266 AAC POGOA. COGADGAGGCCGAAAGGCCGAA ACCCGGAO 
2274 UACADGOO aXHU33AGGCCGAAAGGCCGAA ACCCGCCC 
2279 ACCCGOAO COGADGAGGCCGAAAGGCCGAA ACCCCCCC 
2282 ACOCAAUA COGADGAGGCCGAAAGGCCGAA ADAACDGU 
2288 CACDGGAG CDGADGAGGCCGAAAGGCCGAA ACCAGGGC 
2291 GOAACUOG aXSAOGAGGCCGAAAGGCCGAA ADADCCwG 
2321 ACCCGUA P OX3UXSAGGCCGAAAGCCCGAA ACCDUUCC 

2338 CCQ3DGGA COGADGAGGCCGAAAGGCCGAA AAGCCCAA 

2339 GCCUGGGG COGADGAGGCCGAAAGGCCGAA AAGPACCC 
2341 OGAGCACC aXSAOGAGGCCGAAAGGCCGAA ACAGGCCC 
2344 GAGAGGD C COGADGAGGCCGAAAGGCCGAA ACSAGCAG 

2358 DGOGGGA G COSATOAGGCOGAAAGGCCGAA AGGCAGGG 

2359 D0CCGOGG COGADGAGGCCGAAAGGCCGAA AEGGADGG 

2360 CUOCCAGG CDGADGAGGCCGAAAGGCCGAA AACACAAG 

2376 AAGAGGAA COGAOGAGGOCGAAAGGCCGAA AGCAGUOC 

2377 UAAnA GAG COGADGAGGCCGAAAGGCCGAA AGGAAGOC 

2378 UCGOGAAA COGADGAGGCCGAAAGGCCGAA AAACCAGC 

2379 C GCAAGA G aXSAOGAGGCCGAAAGGCCGAA AAGAGCAG 

2380 ACOCGOGA COGAOGAGGCaSUUVGGCCGAA AGAAADCA 
2382 OGACOCGP aXSAOGAGGCCGAAAGGCCGAA AAAGAAAO 
2384 COOGOGOC CDGAOGAGGCCGAAAGGCCGAA ACCGGAUA 
2399 CGOOCACA aXSAOGAGGCCGAAAGGCCGAA AGOADOCA 
2401 GAGGACCA CDGAOGAGGCCGAAAGGCCGAA ADAGCACA 
2411 OG AAOCAP COGA03AGGCCGAAAGGCCGAA AGAAADOG 

2417 AAOJUJUA aXSADGAGGCCGAAAGGCCGAA ACCCOGAP 

2418 AGO UCUUU COGADGAGGCCGAAAGGCCGAA AAGCADGA 

2425 GA ACUCUG aXSAOGAGGCCGAAAGGCCGAA ADOAADAA 

2426 tJAGOCOCC aXSAOGAGGCCGAAAGGCCGAA ACCCCAGG 

2433 AACOGOCA CDGAOGAGGCCGAAAGGCCGAA AACCCOGA 

2434 UUAIUW U aXSAOGAGGCCGAAAGGCCGAA ACCCDCCG 

2448 GGGGGAAG COGADGAGGCCGAAAGGCCGAA ACCGOOCA 

2449 CGAGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCOUC 

2451 GAGGCAGG CDGAOGAGGCCGAAAGGCCGAA AACAGGCC 

2452 AGAGGCAG COGAOGAGGCCGAAAGGCCGAA AAACAGGC 
2455 AACAAAGG COGADGAGGCCGAAAGGCCGAA AGGAADGU 

2459 UGOGGGAG CDGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2460 OCGGGAAC CDGADGAGGCCGAAAGGCCGAA AAGGDAGG 

2479 GGCGGDAA CCGADGAGGCCGAAAGGCCGAA AGGCGUAA 

2480 GGGADCAC CDGADGAGGCCGAAAGGCCGAA ACGGCGAC 

2483 ACA0O3G3 CPGAOGAGGCCCAAAGGCCGAA ACAAAGGD 

2484 GACAU0GG CDGADGAGGCCGAAAGGCCGAA AACAAAGG 
2492 UAGGCGGG COGAOGAGGCCGAAAGGCCGAA AGGCGGUC 
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2504 OAGGAADG COGADGAGGCCGAAAGGCCGAA ADGCAGGU 

2508 AAGGGAGG OXMX3AGGCCGAAAGGCCGAA ADGUADGQ 

2509 AAAG GORG C0GADGAGGCOGAAAGGCCGAA AADGOADG 

2510 AADAGGOG OX3A0GAGGCCGAAAGGCCGAA AAADGGAC 

2520 ACADOSGG CDGADGAGGCOGAAAGGCOGAA ACAAAGGU 

2521 GACADOGG CDGADGAGGCOGAAAGGCOGAA AACAAAGG 
2533 DGAGGGOT CD3ADGAGGCO»AAGGCCGAA AADGCOGU 
2540 GG AnACCT aXSADGAGGCCGAAAGGCCGAA AGCACCGA 
2545 AAAGDCCG CDGADGAGGCOGAAAGGCOGAA AGCOGCCU 
25 *S CD GACAC A CD3ADGAGGCCGAAAGGCCSAA AADCOCOG 
2579 CCAGGGCA CDGADGAGGCOGAAAGGCOGAA AGOGCAGG 
2585 GAGAQGD C OXStfXSAGGCCGAAAGGCCGAA ACGAGCAG 
25 88 GGCDGD3G CDGADGAGGCCGAAAGGCCGAA AGGAGGCA 
2591 COTCGCAA CDGADGAGGCOGAAAGGCOGAA AGGAAGAG 
2593 AGCAGGGG CDGADGAGGCCGAAAGGCCGAA AADAGAGA 
2596 GOGAGCAG CD3ADSAGGCCGAAAGGCOGAA ACCAGGAG 
26 °1 GAGGACCA CDGADGAGGCOGAAAGGCOGAA ADAGCACA 
2 602 .ftCAACGGC CDGADGAGGCCGAAAGGCOGAA ACCAGGAC 

2607 CCDGGOA CDGADGAGGCOGAAAGGCOGAA AC0CCCAC 

2608 13CCCACGG CDGADGAGGCOGAAAGGCOGAA AGCOAAAG 

2609 <3UJCCAGa CDGADGAGGCOGAAAGGCOGAA AG0C0CCA 
2520 AACOGOCA CDGADGAGGCOGAAAGGCOGAA AACOCDGA 
2626 JUS CAQCAC CTGADGAGGCOQUUU3GCCGAA AC0GAGAG 
2628 GGAGCDGA CDGADGAGGCCGAAAGGCCGAA AA UJUUJA 
2635 (5DGAAD0G CD3AIX3AGGCCGAAAGGCOGAA ADC0G0GA 

2640 tJGGADGGA CDGADGAGGCOGAAAGGCOGAA ACC0GAGC 

2641 AADGOADG CDGATOAGGCCGAAAGGCOGAA AGGDGGGG 

2642 JjGAGGCAG CDGADGAGGCCGAAAGGOOGAA AAACAGGC 
2653 J GCACCC U CDGAD3AGGCOGAAAGGOOGAA ACC0G0GG 
2659 COJDGCAG CDGADGAGGCCGAAAGGCCGAA AOCCUOCD 
2 689 J GCODCAG CDGADGAGGCCGAAAGGCCGAA ACCCUAGD 
2691 A GOIUA3J COGADGAGGOOGAAAGGOOGAA AGGCCTGA 
2700 C UAjUUJG CDGAO2AGGC0GAAAGGCXBAA AGUACCOJ 
2704 CAQGDGGG CDGADGAGGCCXftAAGGCCGAA AGG0GGCC 

2711 AC CUUXU CTCADGAGGCCGAAAGGCCGAA AGGOAGGG 

2712 C *SCTOCC CDGADGAGGCCGAAAGGCCGAA AAGGGAGG 
2721 A0O0GUAP CDGADGAGGCCGAAAGGCCGAA ADCTOOCC 
2724 C AAACC CG CDGADGAGGCCGAAAGGCCGAA ADGADCDU 
2744 0 3J3CAOG CDGAD3AGGCCGAAAGGOCGAA ADCCACCC 
2750 G3UUTOOA CD3AD3AGGCOGAAAGGCOGAA ACAGGGAC 
2 7S9 O^ACDOGA CDGAD3AGGCCGAAAGGCCGAA AGOTCGUC 
2761 GGAAGADC CDGADGAGGCCGAAAGGCOGAA AAAGOCCG 
2 765 A(35CCGCA CDGADGAGGCOGAAAGGOCGAA AGCAAAAG 
2769 GCAGGGOT CDGADGAGGCCGAAAGGCCGAA ADAGAGAA 
2797 U DGACCAD CDGADGAGGCOGAAAGGCOGAA ADOUCACG 

2803 GJ0CDGB3 CDGADGAGGOOGAAAGGCCGAA AGCADGAG 

2804 ACJUUCDGU CDGADGAGGCCGAAAGGCCGAA AAGCADGA 
2813 ACSGGCCAG CD3ADGAGGCCGAAAGGCCGAA ADGGGAGC 
2815 GCiAAGADC CDGADGAGGCCGAAAGGCCGAA AAAGOCCG 
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2821 ACCUCCAG COGADGAGGCCGAAAGGCCGAA AGGCCAGG 

2822 GGAGCUGA COGADGAGGCCGAAAGGCCGAA AAGUOGOA 

2823 CGGGAGCO COGADGAGGCCGAAAGGCCGAA AAAAGUCG 
2829 GGAOACCO COGADGAGGCCGAAAGGCCGAA AGCACCGA 
2837 GGGGGAAG COGADGAGGCOGAAAGGOOGAA ACCCCGOG 
2840 CGCGCCGG COGADGAGGCCGAAAGGCCGAA AGGGGOGC 
2847 AGGGGGGU COGADGAGGCCGAAAGGCCGAA AGGGGOAA 
2853 CUAGCCGG CJGADGAGGCCGAAAGGCCGAA AfflDCGAA 
2860 OOCCAGGG CCGAD3AGGCCGAAAGGCCGAA ACACAAGA 
2872 OGAGCACC CGGADSAGGCGGAAAGGCCGAA ACAG GC CC 
2877 GGCGCCGG COGADGAGGCCGAAAGGCOGAA AGACOCCA 

2899 AAAGOCCG COGADGAGGCCGAAAGGCOGAA AGC0GCCO 

2900 AGAGAAGG COGADGAGGCOGAAAGGOOGAA AGOCAGCC 

2904 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGOCC 

2905 AGAGAAGG COGADGAGGCOGAAAGGOOGAA AGOCAGCC 

2906 OUAACAAA COGADGAGGCCGAAAGGCCGAA ACADCAAC 

2907 CGCAAGAG COGADSAGGCCGAAAGGCCGAA AAGAGCAG 

2908 AADUAAOA COGADGAGGCCGAAAGGCCGAA ADACADCA 

2909 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGCOC 

2910 GUAADAGA COGADGAGGCCGAAAGGCCGAA AAGGAAGO 

2911 GGGOAADA COGADGAGGCCGAAAGGCCGAA AGAAGGAA 

2912 DSAADOAA COGADGAGGCCGAAAGGCOGAA AAADACAD 

2913 COGGGAAC COGADGAGGCCGAAAGGCOGAA AADACACA 

2914 OCOGAADU OX3ADGAGGCCGAAAGGCOGAA ACEAAADAC 

2915 COCCGAAD COGADGAGGCOGAAAGGCCGAA AAQAAADA 

2916 CUUCGCAA COGADSAGGCCGAAAGGCCGAA AGGAAGAG 

2917 GUCOOCGC COGADGAGGCCGAAAGGCOGAA AGAGGAAG 
2913 CGACOCGD COGADGAGGCCGAAAGGCOGAA AAAGAAA0 
2919 CAGOGGCO COGADGAGGCCGAAAGGCCGAA ACACAAAA 
2931 GGCAGCGG COGAOTAGGCCGAAAGGCCGAA ACACCADC 
2933 GG33COGG COGADGAGGCCGAAAGGCOGAA AGAC0CCA 
2941 GCCOGGGG COGADGAGGCCGAAAGGCCGAA AAGCACOG 

2951 GUCAGAGG COGADGAGGCOGAAAGGCCGAA AGC AD GGU 

2952 GAAGADCG COGADGAGGCOGAAAGGOOGAA AAG0CCGG 

2955 CCAUGUCA COGADGAGGCCGAAAGGCOGAA AGGAAGCA 

2956 AOOGADOC COGADGAGGCCGAAAGGCCGAA AAGGAAAG . 

2961 CAGOGGCO COGADGAGGCCGAAAGGCOGAA ACACAAAA 

2962 COGGGAAC COGADGAGGCCGAAAGGOOGAA AADACACA 

2965 ACOOUADU COGADGAGGCCGAAAGGCOGAA AD0CAAAG 

2966 AGCOOGAA COGADSAGGCCGAAAGGCCGAA AGCOUCCA 
2969 OAAAACOU COGADGAGGCCGAAAGGCCGAA ADOGADOC 
2975 AGCOOGAA COGADGAGGCCGAAAGGCCGAA AGCOOCCA 
2975 CAGGUGAG COGADGAGGCCGAAAGGCOGAA ACCAOADA 
2977 OCAGCOUG COGADGAGGCCGAAAGGCOGAA AmGCOOC 
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Table 11: Human IL-o HH Target Sequence 



at . 


EH Target S«qu«ac« 


at. 


HH Target S«<xu«nc 


Poiition 




Position 


a 

9 






AAGAAAU C UUUCAGG 


Q 


rry^&fTiTT rr OfinnsOP 


747 


GAAADCU U UCAGGGA 


10 




94ft 


AAADCUU J CAGGGAA 


12 


AUUWUWU w UMWWlnA 


740 


AADCUUU C AGGGAAU 


in 


wUUUUJU w WiUwwi 




AGGGAAU A GGCACAC 


36 




777. 


GG^GO C AAACCGU 


37 




7Q1 


AGCCGGU A CDGDGGA 


JO 




305 


AAAGACU A UUCAAAA 


30 


GGAD3CU tJ COGGADU 


307 


AGACOA0 a GAAAAAC 


C*T 

3/ 


GADGC0U C IXjCAuuu 


308 


GACOADU C AAAAACU 


OJ 


UV.VAJWUJ U IAjA&jUUU 


316 


AAAAACU a GUCCUUA 




COGCAUCJ (7 GAGOUUG 


319 


AACUUGU C CUUAAOA 




UUOGAGU U U3CUAGC 


322 


TOUX.UJ U AAUAAAG 


7n 


ULMAfcjUU U GCUAGCU 


4*%** 

323 


UGUCCUU A AUAAAGA 


74 




326 


CCUUAA0 A AAGAAAU 


7fl 


v.T^-LjAtjk^u C U93GAGC 


334 


AAGAAAU A CADDGAC 


QO 
OU 


UAGwiA^u U GGAGCQS 


338 


AAUACAU JJ GACGGCC 


91 


buuuuuu A CGCGUAIJ 


380 


GGAGAGU A AACCAA0 


07 

? ' 


uACSOGu A uGCCADC 


388 


AACCAAD U CCUASAC 


1 f\A 


AUGCCAU C CCC&CAQ 


389 


ACCAADU C COAGACU 


1 1 c 


CAGAAAU U CCCACAA 


392 


AAUOCCU A GACUACC 


117 


AGAAAUU C CGAQUuj 


397 


CUAGACU A CCOGCAA 


i in 

JU3U 


AGOSCAU U GGOGAAA 


409 


CAAGAGU U XJCUUGGU 


1 45 


GAGACCU U GGCACuG 


410 


AAGAGOT U CUOGGUG 




CACUGCU U UcUacuw 


411 


AGAGDUU C UUGGUGU 


156 


ACUOCUU U COAC0CA 


413 


AGUDUCU U GvjUUUAA 


1S7 


CUU^JUU C UACOCAD 


419 


UUUJUGU A ADGAACA 


159 


uojuucu a cuoojcu 


437 


AGOGGW A ADAGAAA 


162 


OOCQACU C ADCGAAC 


440 


GGADAA0 A GAAAGUU 


165 


UACOCA0 C GAACDCU 


447 


AGAAAGU U GAGACUA 


171 


CCGAACU C U5C0GAU 


454 


SGAGAOJ A AACUGOT 


179 


asaxsAU a gccaadg 


462 


AACDGOT U UGOUGCA 


192 


OGAGACU C OGAGGAU 


463 


ACDGGUU U GUUGCAG 


200 


OGAGGAU U CCOGUUC 


466 


GGUDOGU U GCAGCCA 


201 


GAGGAOT C C0GUOCC 


479 


CAAAGACJ U OTGGAGG 


206 


UUCOJGU a CCOGQAC 


480 


AAAGADU U UGGAGGA 


207 


occosro C CUGOACA 


481 


AAGAUUU U GGAGGAG 


212 


UUCCTOT A CAUAAAA 


497 


AGGACAU U CUACUGC 


216 


UGGACAU A AAAADCA 


498 


GGACADO U DACDGCA 


222 


UAAAAAU C ACCAA07 


499 


GACAUUU U ACDGCAG 
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500 


ACAuuuu A CCGCAGU 


6RA 


531 


AAAGAGU C AGGOCUU 




538 


CAGGCCU U AAUUUUC 


ooo 


539 


AGGCCCtJ A AUUUUGA 


wOO 


542 


CCOUAAU U OOCAADA 


689 


543 


CUOAADU U UCAAEA0 


691 


544 


OUAADOT U CAADAOA 


692 


545 


UAAUUUU C AAQAE2AA 


693 
j j 


549 


ODDCAAU A UAADOOA 


697 


551 


0CAAEAD A ADTOAAC 


S9ft 


554 


ADAEAAU U UMCDDC 


703 


555 


UAOAAOT U AAC00GA 


704 


556 


AEAAOTU A ACUUCAG 


708 


560 


UOTAACO U CAGAGGG 


715 


561 


COAACUU C AGAG3GA 


719 


573 


GGAAAGU A AADADUU 


720 


S77 


AGUAAA0 A UUUCAGG 


724 


579 


UAAAEAIT U UCA03CA 


72S 


580 


AAADAOT a OU33CWJ 


728 


581 


AAEADOU C AGQCADA 


731 


588 


CAGGCAU A COGACAC 


733 


597 


03ACAOJ a O30CAGA 


734 


598 


GACACUU JS GCCAGAA 


735 


611 


AAAGCAD A AAADDQJ 


745 


616 


AI2AAAAD XJ CUOAAAA 


746 


617 


UAAAADU C UUAAAAU 


752 


619 


AAAUDCa U AAAADACT 


753 


620 


AADOCUU A AAAEAQA 


757 


625 


OUAAAAX7 A QAUUUCA 


761 


627 


AAAAEAU A OOOCAGA 


762 



629 


AADAHAU U UCAGAGA 


765 


630 


AUAQADU U CAGAEA0 


767 


631 


UADADUU C AGADADC 


768 


636 


oozagaij A OCAGAAU 


769 


638 


CASAcna c agaadca 


771 


644 


OCAGAAU C ADUGAAG 


772 


647 


GAADCAD U GAAGOA0 


773 


653 


uasAAGU a uuuucca 


778 


655 


GAAGOAIJ a uuococc 


779 


656 


AACCADD a QCCOOCA 


783 


657 


AWJAUUU 0 CCOCCAG 


788 


658 


UJAUUUU C COCCAOS 


789 


661 


UUULWJU C CAGGCAA 


791 


672 


GCAAAAU U GADAQAC 


794 


676 


AAUCJ3AU A OACQOOa 


805 


678 


UOGADAU A CUUUUUU 


681 


aeadacu a uuuocoa 




682 


□AOACOU U UUUCUUA 
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UAuuuuu Q DCUUAUU 
Ajluuuuu U CUOADUtJ 
cuuuuuU C ODADDUA 
UVJUUUCU 0 ADUUAAC 
UUUiMJ U A OTOAACU 
OTCTOAU U UAACUDA 
OCuuaDU a AACUDAA 
CtJUATOU A ACDUAAC 
UUUAACCT a AACADOC 
OTAACTO A ACADDCU 
TOAACA0 a CT GU AAA 
QAACADQ C CGOAAAA 
ADUCLWJ A AAADGDC 
AAAABOT C UGUUAAC 
UjOICU CJ AACOQAA 
GPCW UU A ACTOAAU 
GOUAACU 0 AACAGCA 
A AQAGOAU 
ACOTAAU A GUADUUA 
UAADAGU A UUUAUGA 
AEAGOAD 0 DADGAAA 
UAGOADU U AOGAAAU 
AbUAUUU A OGAAADG 
AAAD3OT a AAGAADU 
AAD3G0U A AGAADUU 
OAAGAA0 a OGGOAAA 
AAGAADU a GGCAAAU 
ADUOSOT A AADUAGU 
GGQAAAU 0 AGOADUU 
GQAAAOT A GUAUUUA 
AADOAGU A ODOADCU 
OTAGCBUJ 0 UAUUUAA 
UAGOADU a ADUUAAD 
AGUAUUU A UUUAADG 
UAUUuaD a QAAOSUU 
Auuuauu U AADGUUA 
UUUADUU A ADGUUAD 
°QAAnOT u Aosaosa 
UAATOUU A uuuuuuu 
GOUATCU a GDGUUCU 
GUOSOGU 0 CUAAUAA 
VUMMJ C OAADAAA 
GOSTOCU A AQAAAAC 
OSCUAA0 A AAACAAA 
CWUAAD A GACAACQ 
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Table 12: Human IL-5 HH Ribozyme Sequences 



at . HH Rlbozym* S«qu«nc« 
Position 

8 GCAAAGA COGATCAGGCCSAAAGGCCGAA AGCGCAU 

9 GGCAAAG COTADSAGGCCGAAAGGCCGAA AAGGGCA 
10 CGGCAAA CUGAOTAGGCCGAAAGGCCGAA AAAGOTC 

12 UCTOGCA CUGAOTAGGCCGAAAGGCCGAA AGAAAGU 

13 CUOOGGC C0GAD3AGGCCGAAAGGCCGAA AAGAAAG 

36 GCCCOGA COGATOAGGCCGAAAGGCCGAA ACGUUCU 

37 GGCTCOG COGADSAGGCCSAAAGGCCGAA AACGOCC 

38 OGGCOCU CXX2AIX3AGGCCGAAAGGCCGAA AAACGUU 

56 AAD3CAG CTCADGAGGCXGAAAGGCCGAA AGCADCC 

57 AAADGCA C0GADGAGGCXX3AAAGGCCGAA AAGCADC 

63 AAACTCA OX»DGAGGCCGAAAGGCCGAA ADGCAGA 

64 CAAACUC CUGADGAGGCCGAAAG3CCGAA AADGCAG 

69 GCOAGCA C0GA&3AGGCCSAAAGGCCGAA ACOCAAA 

70 AGCOAGC COGADGAGGCCGAAAGGCCGAA AACOCAA 
74 CAAGAGC OT3AIX3AGGCCGAAAGGCCGAA AGCAAAC 
78 GCUCCAA COGADGAGGCCGAAAGGCCGAA AGCUAGC 
80 CAGCUCC CUGATOAGGCCGAAAGGCCGAA AGAGCOA 
91 AEACACG OTGADGAGGCCGAAAGGCCGAA AGGCAGC 
97 GAOTGCA aXSATOACGCCGAAAGGCCGAA ACACGCA 
104 CTOUGGG CB5ADGAGGCCGAAAGGCCGAA ACGGCAU 

116 OTGTOGG COGATOAGGCCGAAAGGCCGAA ADUOCUG 

117 CUU5U9G aXSATOAGGCCGAAAGGCCGAA AADUUCU 
130 UUUCACC OTGAXX3AGGCOGAAAGGCOGAA ADGCAOJ 
145 CAGOSCC CTOATCAGGCCGAAAGGCCGAA AGGOCUC 

155 GAGUAGA OX3ADGAGGCCGAAAGGCCGAA AGCAGUG 

156 OGAGUAG OXSftDGAGGCCGAAAGGCCGAA AAGCAGO 

157 ADGAGOA OTGADGAGGCCGAAAGGCCGAA AAAGCAG 
159 GGADGAG COGADGAGGCCGAAAGGCCGAA AGAAAGC 
162 GUDCGAU CTGAOGAGGCCGAAAGGCCGAA AGUAGAA 
165 AGAGUUC COGADGAGGCCGAAAGGCCGAA ADGAGUA. 
171 ADCAGCA OWUXjAGGCCGAAAGGCCGAA AGUOCGA 
179 CADOGGC COGATOAGGCCGAAAGGCCGAA ADCAGCA 
192 ADCCOCA COGADGAGGCCGAAAGGCCGAA AGOCOCA 

200 GAACAGG C9SAD3AGGCCGAAAGGCCGAA ADCCOCA 

201 GGAACAG COGADGAGGCCGAAAGGCCGAA AADCCOC 

206 GUACAGG OX3ADGAGGCCGAAAGGCCGAA ACAGGAA 

207 OGQACAG COGADSAGGCCSAAAGGCCGAA AACAGSA 
212 UUUUAUG COGADGAGGCCGAAAGGCCGAA ACAGGAA 
216 UGADUUU COGADGAGGCCGAAAGGCCGAA ADGUACA 
222 AGUUGGU COGADGAGGCCGAAAGGCCGAA ADUUUUA 
245 CCDGAAA COGADGAGGCCGAAAGGCCGAA ADOOCUU 
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247 UCCCUGA CUGADGAGGCCGAAAGGCCGAA AGAtfJtfC 

248 UUCCCUG C0GAO3AGGCCGAAAGGCCGAA AAGA3JUU 

249 ATOCCCU OX3ADGAGGCXGAAAGGCCGAA AAAGiUJU 
257 G03TOCC COTATOAGGCCGAAAGGCCGAA AUUOXU 
273 ACAGCUU COGAIX3AGGCCGAAAGGCCGAA ACOOJCC 
291 UCCACAG axatfXSAGGOSSAAAGGCCGAA ACCCtCT 
305 UCOTGAA COSAB3MGCCGAAAGGCCGAA AGUCUUU 

307 GUUUUUG OXSAOGAGGCCGAAAGGCCGAA AOAGUCU 

308 AGOOUUU CUGAOGAGGCCGAAAGGCCGAA AADACRXT 
315 UAAGGAC CTOATOAGGCCGAAAGGCCGAA AGOUCruu 
315 UAUCAAG CPSAP5ft GGCC GAAAGGCCGAA ACAACXJU 

322 CUUUAUU OTSMX»3GCCGAAAGGCCGAA AGGACAA 

323 UCUUUA0 CUGATOAGGCCGAAAGGCCGAA AAGGJCA 
326 ADUOCUU ClJSMXaGGCCGAAAGGCCGAA ADOMGG 
334 GOCAADG OTGAD3ACGCCGAAAOGCCGAA ADUOCUtJ 
338 GGCOjUC COSMXiAGCKXEAA^ ADGOTDU 
380 AOT3GU0 CTX3AD3&GGCCGAAAGGCCGAA ACOCCCC 

388 OTCUAGG COGADGAGGCCGAAAGSCCGAA AETOGOU 

389 AGOCUAG C0GAD3AGGCCG3UUGGCCGAA AAD0G3U 
392 GGERGOC OX3tfX»GGCCGAAAGGCOGAA AGGAAOU 
397 UTOCAGG aXSATCAGGCCGAAAGGCCGAA AGOCOftG 

409 AOCAAGA CO3A0SAGGCCGAAAGGCCGAA ACOCDDG 

410 CACCAAG C03AO3AGGCCGAAAGGCCGAA AACOCJQ 
4U ACACCAA C0GADGAGGCOGAAAGGCCGAA AAACU^J 
413 UOACACC COSAQ3AGGCCGAAAGGCOGAA AGAAAiZU 
415 UGOUCMJ CTOAD3AGGCCGAAAGGCCGAA ACACCU 
437 UUUCUAU CTCAD3AGGCCGAAAGGCCGAA ADCCAl^J 
440 AACUUUC COGADSAGGCCGAAAGGCCGAA ADOAU<:C 
447 OAGOCDC OX3W3AGGCCGAAAGGCCGAA ACUOttru 
454 ACCAGUU C0GAO3AGQCOGAAAGGCOGAA AGOCUtZA 

462 IX5CAACA CtXaADSAGGCOGAAAGGCCGAA ACCAGTO 

463 OTSCAAC CWA053U3GCO3AAAGGCCGAA AACCWJU 
466 OTGCCGC CTCAD3AGGCOGAAAGGCCGAA ACAAA£?C 

479 COJCCAA OX»OSAGGCCGAAAGGCCGAA ADCUUIJG 

480 UOCTCCA COGADSAGGCCGAAAGGCCGAA AADCUtfU 

481 CLUJUCC CTOADGAGGCCGAAAGGCCGAA AAAJOCCfU 

497 GCAGOAA COSAD3AGGCCGAAAGGCCGAA ADGOCCU 

498 UGCAGOA COGADSAGGCCGAAAGGCCGAA AADGDCC 

499 COSCAGU GDGAOSAGGCGGAAAGGCCGAA AAADGCC 

500 ACD3CAG COSADSAGGCCGAAAGGCCGAA AAAADGU 
531 AAGGCCU COGADSAGGCCGAAAGGCCGAA A OJCUI O 

538 GAAAADU COSADSAGGCCGAAAGGCCGAA AGGCCCG 

539 OGAAAAU COGADSAGGCCGAAAGGCCGAA AAGGCCU 

542 0AD0GAA COGADSAGGCCGAAAGGCCGAA ADDAAG3 

543 AOADTCA COSADSAGGCCGAAAGGCCGAA AADUAA3 

544 UADADUG COSADSAGGCCGAAAGGCCGAA AAABUAfc 

545 UaAOADU CTOADSAGGCCGAAAGGCCGAA AAAAOTA, 
549 OAAADUA COGADSAGGCCGAAAGGCCGAA ADOGAA* 
551 GUUAAAD aKKDSAGGCCGAAAGGCCGAA ADAUUG\ 
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554 GAAGUUA CTGADSAGGCCGAAAGGCCGAA ADUAUAU 

555 UGAAGUU CTGADSAGGCCGAAAGGCCGAA AADQAEA 

556 COaAAGa COGAD3AGGC0GAAAGGCCGAA AAADUAD 

560 CCCTCDG CTGADSAGGCCGAAAGGCCGAA AGCOAAA 

561 UCCCDCa COGADSAGGCCGAAAGGCCGAA AAGUOAA 
573 AAADWOT CDGAD3AGGCCGAAAGGCCGAA ACUUUCC 
577 CCDGAAA CTGADSAGGCCGAAAGGCCGAA ADUUACU 

579 UGCCOGA CTGADSAGGCCGAAAGGCCGAA AQADUUA 

580 AD3CCCG CUSADGAGGOCGAAAGGCCGAA AADADUU 

581 UADGCCU CTGADSAGGCCGAAAGGCCGAA AAADADU 
588 GDGDCAG CTGADSAGGCCGAAAGGCCGAA ADGCCUG 

597 DCOOGCA CDSADSAGGCCGAAAGGCCGAA AGUGOCA 

598 UDCD3GC CDGADGAGGCCGAAAGGCCGAA AAGUCCC 
611 AGAADUU CTGADSAGGCCGAAAGGCCGAA ADGCUDU 

616 uuuuaAG CDSADSAGGCCGAAAGGCCGAA ADUUUAU 

617 ADUUUAA CDSADSAGGCCGAAAGGCCGAA AADUUOA 

619 ADADUUU CDSADSAGGCCGAAAGGCCGAA AGAADUU 

620 UADADUU CD3ADGAGGCCGAAAGGCCGAA AAGAADU 
625 DGAAADA CDSADSAGGCCGAAAGGCCGAA AUUUUA A 
627 UCD3AAA CDSADSAGGCCGAAAGGCCGAA ADADUUU 

629 OADCTGA CTGADSAGGCCGAAAGGCCGAA AOAOAUU 

630 ADADOTS CDSADSAGGCCGAAAGGCCGAA AADAOAU 

631 GADAUCU CTGADSAGGCCGAAAGGCCGAA AAADADA 
636 ADOCD3A CTGADSAGGCCGAAAGGCCGAA ADCUGAA 
638 UGADUCO aXSADSAGGCCGAAAGSCCGAA ADADCDG 
644 CUUCAAU CDSADSAGGCCGAAAGGCCGAA A0DCD3A 
647 AUACUUC OX3AD3AGGCCGAAAGGCCGAA ADGADUC 
653 AGGAAAA CTGADSAGGCCGAAAGGCCGAA ACUDCAA 

655 GGAGGAA CTGADSAGGCCGAAAGGCCGAA AUACUUC 

656 UGGAGGA CTGADSAGGCCGAAAGGCCGAA AAUACUU 

657 CD3GAGG CDGADSAGGCCTAAAGGCCGAA AAAUACU 

658 CCTOGAG CTGADSAGGCCGAAAGGCCGAA AAAADAC 
661 UDGCCDS CTGADSAGGCCGAAAGGCCGAA AGGAAAA 
672 GUADADC CDSADSAGGCCGAAAGGCCGAA AUUUUGC 
676 AAAAGOA CTGADSAGGCCGAAAGGCCGAA ADCAADU 
678 AAAAAAG CDSADSAGGCCGAAAGGCCGAA AUADCAA 

681 AAGAAAA CTGADSAGGCCGAAAGGCCGAA AGUAUAU 

682 UAAGAAA CTGADSAGGCCGAAAGGCCGAA AAGUAUA 

683 ADAAGAA CDSADSAGGCCGAAAGGCCGAA AAAGQAD 

684 AAUAAGA CTGADSAGGCCGAAAGGCCGAA AAAAGUA 

685 AAAX2AAG CDSADSAGGCCGAAAGGCCGAA AAAAAGU 

686 UAAADAA CDSADGAGGCCGAAAGGCCGAA AAAAAAG 

688 GUUAAAU CDSADSAGGCCGAAAGGCCGAA AGAAAAA 

689 AGUQAAA CTGADSAGGCCGAAAGGCCGAA AAGAAAA 
691 OAAGCTA CDSADSAGGCCGAAAGGCCGAA ADAAGAA 
652 UCAAGUU CTGADSAGGCCGAAAGGCCGAA AAUAAGA 
693 GUUAAGU CTGADSAGGCCGAAAGGCCGAA AAADAAG 

697 GAADGUU CTGADSAGGCCGAAAGGCCGAA AGUUAAA 

698 AGAATOU CTGADSAGGCCGAAAGGCCGAA AAGUUAA 
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703 OTDACAG CUSAEX3AGGCCGAAAGGCCGAA AOGOUAA 

704 UUUOACA CUGAIJ3AGGCCGAAAGGCCGAA AAO30UA 
708 GACADOU CTOAD3AGGCCGAAAGC5CCGAA ACAGAA0 
715 GOUAACA COGACT3AGGCCGAAAGGCCGAA ACADUUU 

719 OUAAGOG COGA03AGGCCGAAAGGCCGAA ACAGACA 

720 ADOAAGO COGACXSAGCXXSaUU^OCXrGAA AACAGAC 

724 OACaaDU COGAEX3AGGCCGAAAGGCCGAA AGOUAAC 

725 AUACOMJ CCT&AD3AGCXCGAAAGGCCGAA AAGOOAA 
728 UAAADAC COGAaaGGCCGAAAGOXGAA ADUAAGU 
731 OCAUAAA CGGAOSAG3COGAAAGG0CGAA ACUADUA 

733 OTDCADA COTADSAGGCCGAAAGGCOGAA AHACUAU 

734 AUUUCAU CQGAD3AGGCC3AAAG3CCGAA AADACUA 
725 CAUUUCA CZX3A03AGGCCGAAAGGCCGAA aaadacd 
743 AADUCOT CTGAOTAGGCCGAAAGGCCGAA ACCAUUU 
746 AAADDCU C35AOSAGGCCGAAAGGCCGAA, AACCAOU 

752 UTOACCA CTOAIX3AGGCCGAAAGGCCGAA AODCDCA 

753 ADUUACC CDGAIX3AG5COGAAAGGCOQAA AADDCUU 
757 ACOAAEKJ CTGAD3AGGCCGAAAOGOCGAA ACCAAAU 

761 AAADACD CT3A03AGGCCGAAAGGCCGAA AOTDACC 

762 UAAAUAC CTOADSAGGCCGAAAGGCCGAA. AADTOAC 
765 AAAOAAA CO3A03AGGCCGAAAGGCCGAA ACUAATO 
767 CUAAAUA CTOWX3AGCXXSAAAG3C^ AQACOAA 

763 ADOAAAU OTGAD3AGGOCGAAAG3CCGAA AADACUA 
769 CADOAAA OTSATOaGGCCGAAAGGCCGAA AAADACU 

771 AACADUA CU3AD2AGGCGGAAAGGCCGAA AHAAAEEA 

772 GAACAOT CUGA03AGGCOGAAAG3GCGAA AADAAAU 

773 AUAACA0 CCGADSAGQCCGAAAGGCCGAA AAAOAAA 

778 ACAACACT CCGADSAGGCCGAAAGGCCGAA ACAOTAA 

779 CACAACA CCGADSAGGCCGAAAGGCCGAA AACADUA 
783 AGAACAC CCGADSAGGCCGAAAGGCCGAA ACAHAAC 

788 UUADUAG CUGAB2AGGCCGAAAGGCOGAA ACACAAC 

789 POQADO A CDGAO3AGGCCGAAAG3C0GAA AACACAA 
791 CTUD^O OTSAOSAGGCCGAAAGGCCGAA AGAACAC 
794 U UtUJUU C0GAO3AGGCOGAAAGGCCGAA ADUAGAA 
805 AGCDSDC COGADSAGGCCGAAAGGCCGAA AUUUUU G 
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Table 13: Mouse IL-5 HH Ribozyme Target Sequence 



at. 


HH Target S •queue 


Position 




3 


cGCUCUU c CUUUSCU 


11 


uCDUcCU a UGCugAA 


12 


CUUcCUU U GCugAAG 


36 


GAAgacU U CAGAGuC 


36 


GaAgAcU u cAgAGUc 


37 


AAgacJJU C AGAGuCA 


43 


UcaGaGU c ADGAg&A 


53 


ggadgcu u crocAcu 


59 


GADGCUU C UGCAcUU 


59 


gAOScUU c uGcAcGU 


66 


CUGCAcU U GAGUgUu 


82 


UgAcucU c aGcOGUG 


91 


GcUgTOU c uggGCCA . 


112 


ugGAgAU U CCCAugA 


113 


gGAgADU C CCAugAG 


141 


GAGACCU U GaCACaG 


141 


GAgACcU U GaCAcAg 


158 


gOCcgCU C AcCGAgC 


167 


cCGAgCU C CGuDGAc 


196 


OTAGGcU U CCUGUcC 


197 


GAGGcUU C COGOfeCC 


197 


gAGGCuU c COGuCcC 


202 


UUCOJSU c COJacuC 


202 


UUCCWU c CcGAcuc 


206 


OSUCccU a cuCaUAA 


212 


UACOCAU a aAAaUCa 


212 


UacuCAU A AAAADCA 


218 


UaaAaaU c aCcAGCa 


218 


OAAAAAU C ACCAgCa 


218 


uAAAAAU c acCAgCa 


232 


uaOGCAU U GGaGAAA 


241 


gAGAAAU C UUOCAGG 


241 


gAgAaAU c UUucAGG 


241 


gagAAAU c UUUCAGG 


241 


gAgAaAU c UUUCAGg 


243 


gaAAucU V UCAGgGg 


243 


GAAAUCU U UCAGGGg 


244 


AAAUCUU U CAGGGgc 


245 


AAUCUUU C AGGGgcU 



at. HH Target S«qu«ace 

Position 



253 AGGGgcU A GaCAuAC 

259 U&gACAU a CUGaAgA 

269 GaAGAaU C AAACUGU 

269 GaAGAaU c AAaCugU 

269 GAAgaAU c aAAcUgU 

287 uGGGGGU A CCGOGGA 

301 AAAugCU A UUCcAAA 

301 AAAugCU a uUCCaaA 

303 ADGCuAU u CCaAaAc 

303 AugCUAU U CcAAAAC 

304 ugCUAUU C cAAAACc 
315 AACcUGU C aUUAADA 

318 cCGUCaU U AAUAAAG 

319 CGCCaUU A AUAAAGA 
322 CaUUAAU A AAGAAAU 
330 AAGAAAU A CADUGAC 
334 AAUACAU U GACcGCC 
334 AAUaCaU u GACcgCC 

384 AggCAgU U CCUgGAu 

385 ggCAgUU C CUgGAuU 
393 CUgGAuU A CCUGCAA 

405 CAAGAGU U cCUCGGU 

406 AAGAGUU c CUUGGUG 
409 AGUUcCU U GGOGUgA 

481 UcaCAAU u UAAgUUA 

482 cAcAAUU U AAgUUaA 

483 AcAADUU A AgUUaAa 
483 AcAADuU a aGUUAAa 
495 AAAUUgU c AAcAgAU 
553 GCUGuuU c CaUuUAU 
557 UuUcCAU U UauaOUU 
564 UUauAuU u aUgUCCU 

564 UUAuaUU u AugUcCU 
uaUAUUU a ugUCCuG 

565 UAUAuUU a UgUCcUg 
569 UUuADGU c cUGUaGU 
569 uUUAUGU c cUGUagU 



AAAGuGU u uaaCCUU 
AAgTOuU u aACcUUU 
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620 


nn3iA£en u nnit/^Tarr 

UWUlVtUU U UwUuUnU 


1407 


793 




1407 


816 




J.41U 


818 


GAnutlAIT a enTTmir 

vdrw^ uwnw a wuwwtu^ 


14j4 


825 


ACtTeCetT e Cffr<Ttra 


1 A 1 4 


825 


ACTTeedT e Cn< , *r»fTr , « 


1 i4 ^ j4 

14J4 


839 


AiiCeu^rr it rtnrnri 


1435 


840 


u^wuwwu w MvUVAJVu 


1435 


863 




14 J B 


864 


AAflrTTM HI Ol^ftOt 
«\yui\uu w ' ■ iV i jLUy 


1438 


864 




1439 


913 




1 A A ^ 

1443 


917 


QcOucotJ c CAGAiiGS 




957 


UUajcrcAXT e COTJtfeitT*? 


1 ACQ 


960 


GCAiic^CJ u TJrffcAiA 


1 ACS 
1400 


960 


Gc&OcCtT u uCDCeOa 


1400 


962 


AUcCuuG c UCcOtaGC 




975 




140 J 


987 


aGaDGMJ A einiAADS 


X4 / 3 


990 


OGAxiACU u AAucsctT 


14 /Jl 


1000 


tXaACuCQ c OtioOiGA 


140J 


1027 


CcqqGCU O cCDdCDC 


140 J 


1034 


UCCUGcD C CUaOenA 


1404 


1037 


DqcDCcU A tfcQAACU " 


140 / 


1039 


cUccuAU e nAAcnnp 


14oV 


1039 




1 j4 OA 

1489 


1041 




1489 


1051 


UDcAAiitT TT AAiiA/t-T 1 


1489 


1148 


uGA^rrnn n HTn«nwr 


1490 


1213 


fi^TlrtO* rT n nnvi * * 


1490 


1213 




1490 


1214 


CTjartATTTT n f • y± * a m a 


1491 


1215 




1491 


1234 


Sf»*«Uiw C UCCUUuC 


1491 


1236 




1491 


1275 




1494 


1276 




1502 


1280 


CUUAcGU e OCeoOMT 




1298 


UqAACDU a AQAaficA 


1311 / 


1310 


ccAAAGU a aAuACcA 


1 ^OO 
13U7 


1310 


OCAAAoU a aADAcca 


1-3 v 7 


1310 


GcaAAoU a AAUAccA 


1C1A 

X910 


1350 


AAAGCA0 A AAADggCT 


1510 


1358 


AAAUGGU U ggGAuga 


1510 


1370 


UgUuaOU C AGgQAOC 


1510 


1375 


UUCAGgU A OCAGggO 


1512 


1377 


CAGgUAU C AGggOCA 


1515 


1363 


DCAGggU C AcCCgAG 




1405 


cccCAgU U UACUcCA 
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ca^gUUU A CUcCAGg 
cc/jgOOTT a CUCCAGG 

gocuaca c caggaaa 

AUgCUUU a aUuCJaAU 
aUgcDUU U ADDUAAu 
aUgcuDU u AuUUAAU 
HgCDCDU a OUtJaADU 
ugcOCOU a uOUAaOU 
OUUUAUU U AAuUcug 
UOD3ADU 0 AADUcOg 
OtJtlMrou A AOUcOga 
OUU.iAuU c OGuaAGa 
ADUi^GO A AgADGUu 
ugOlJcaU a UUAUUUA 
ugOIJcAJJ A uQADUUA 
UucJUOAU u AUQTJAug 
UcAIIAuU A UDUA0GA 
AOA11OA0 U OADGAug 
AuG^pAOT c aGOAAgU 
ADTJc^GU A AgOUAaa 
aGu?AOT u AAUAUUU 
aGUJAgU U AaOADUU 
GUA^gOU A aDADUUA 
agUCAAU a UUuAuQA 
AgODAaU A OGUADUa 
UUAAUaa a uAuUAcA 
UOAAuACJ u UADUaCA 
OTAaUAU U CCVDUacA 
OAADaOu u AuOAcAc 
tJAaUMJa U ADUAcAc 
OAaaux; U AOUacAc 
AA0A130U a uuaCAcg 
AAUAlfcrj a TJuAcAcg 
AaOAlJDU A UUAcAcG 
AaUAIJDU A DUacAcG 
ATJuD3iOU a CAcgOAU 
cAOGCraU A UaauAUu 
cAcglWT a UAAUaUU 
AIIACB aU a UUcUaaU 
AUAAiAU U CDaAuAA 
aOaatfaU 1 U CQAAQAA 
tlAAuPDU C UaAuAAa 
UAAuPDU C OaauAAA 
UAAuAuCJ c UaaQAAA 
UaaUaOU C UAAUAAA 
aUaUDCU A AUAAAgC 
UDCOAAU A AAgCAgA 
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Table 17 

Mouse relA HH Target sequence 
nt. Position HH Target Sequence 



c 

PCT/EB95/00156 



nt Position HH Target Sequence 



13 
22 
26 
93 
94 
100 
103 
105 
106 
129 
138 
146 
151 
180 
181 
186 
204 
217 
239 
262 
268 
276 
301 
303 
310 
323 
326 
335 
34S 
352 
375 
376 
378 
391 
409 
416 
417 
418 
433 
795 
796 
797 
798 
829 



AADGGCU 
aGCOCcU 
CcOCcaCT 
GAuCOGCJ 
AuCDGUU 

unccccu 

CCCOCAD 
CTCADOT 



caCaGgA 
cGOfcGCG 
GcGgACa 
uCCCCCC 
CCCC3CA 
ADCUUuC 
UCMCCei 
uCCcuCA 



OCADCUU u CCcuCAG 
CAGGCuCJ C UGGgCCu 
GGgCCuD A 
OGGAGAU C 
c 
V 

c 

A 
C 
u 
A 
C 
C 
A 
C 
C 

c 
c 
c 
c 
u 

c 
a 

c 

A 
C 

c 

a 

0 
c 
c 
u 
u 
u 
c 
u 



AGADCAU 
ADGOGaQ 
OGCGaDU 
UOCCOLV 
GGGCGCU 
GCAGuAD 
CACAGAU 
CCACCAU 
UCAAGA0 
AA0GGO7 
UUCGaAU 
CGaADCU 
CCCDG UJ 
GGcCCCU 

uccacca 
ccooc cu 

AuGAaCU 
AGaUcaU 

GADOGCO 
AXXjGucU 
GGCUaCU 
COGAcCU 
GCaGuAU 
CCgCAGU 
CAuAGcU 
AuAGcOT 
UGGGgAU 
GGCDCOJ 
GCUCCUU 

cuccuuu 
uccuuuu 

OGGCCAU 



CGOGGAG 
AUcGAaC 
GAaCAGC 
COGCUAu 
OGCQAuA 
uAAaOGC 
aGCSGGC 
CCuGGCG 
CCACCAA 
AAGAJTCA 
AACGGCCT 
CACAGGA 
OCCCOGG 

cc t x*AJc 

ACCAAGG 

COCcuga 

ACCGGCC 

AuCCaCA 

GOgGGgA 

GaAcAGc 

CUATOAG 

UccGgaG 

OGAGGCU 

(XjtXt.'aG 

CAuAGcO 

OCCAuAg 

CCAGAAC 

CAGAACC 

CAGOGOT 

UOCuCAA 

UCuCAAG 

CuCAAGC 

uCAAGCU 

GCGOOCC 



467 
469 
473 
481 
501 
502 
508 
509 
512 
514 
534 
556 
561 
562 
585 
598 
613 
616 
617 
620 
623 
628 
630 
631 
638 
661 
657 
687 
700 
715 
717 
713 
721 
751 
759 
761 
762 
763 
792 
1167 
1168 
1169 
1182 
1183 



cCAGGCD 
AaGCcAU 
UuGgAOT 
AGCGaAU 
AACCCOJ 
ACCCCOU 
UuCAcOT 
uCAcGUU 
cGDUCCT 



cuguUCg 
AGcCAGC 
AGauCAg 
CAGACCA 
uCAcGUU 
CAcGOUC 
CCGADAG 
CUAUAGA 
UAGAgGA 



UCCCUAU A GAgGAGC 
GGGGACT A uGACuOG 

OTCGca; c 

C5C0GCU 0 
HCDGCUU c 
u 

c 
c 

c 
c 
c 



aAgCCAU 
GGCCCCU 
CeCOTGU 

cuguccu 
gucccuu 

CCDCCCJ 
OCCUgca 
ACCCgAU 
CCgADua 
CgADuCU 
UGgCcAU 
CCGAGCU 
UCAAGAU 
CGgAACU 
GCwGCCU 



CGCUOCC 
CCAGGDG 
CAGGCGA 
AGcCAGc 
CuOCOGa 
CUcuCaC 
uCaCADC 
CDCAgCC 
AgCCaug 
CCADCUc 
UUUGAuA 
CGAuAAc 
GAuAAcC 
GCGuuCC 
AAGADCU 
CGCCGAG 
CGGgAGC 



C GGCGGGG 
ADGAGACT C UDCuOgC 
GAGAUOJ O CuOgCUG 
AGAUCUU C utJgCCGO 
OUcOCCU c CauUGcG 
AaGACAD a GA GGWU 
GAGGCGU A UUUCACG 
GCOGOAIJ U UCACGGG 
CUGUADU U CACGGGA 
CGUAUUU C ACGGGAC 
CGAGGCU C CCDUOCu 
GACGAGtf U UuCCcCC 
AUGAGUU a uCCcCCA 
UGAGUUU u CCCCCACJ 
AUGcUOT U aCCaUCa 
UGcUGUU & CCaOCaG 
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834 
835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1053 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683 
1686 
1690 



AUUGUSU 
OUGOGUU 
GACuCCU 
CCOCCgU 
cCAGGCU 
UuCGaGU 
CGaGCCU 
GCGGCCO 
C GG C CJU 
GcGAGCU 
ADGGAgU 
TOGAgOO 
OCCCAGC 
GCCucAH 
AGAuGAU 
CagCacU 
ACCGGAD 
GAgACctJ 
AGGACcU 
GAGACCU 
AGACCUU 
AGAGuAU 
GAAGAGU 
GAGOCCU 
AGO CCUU 
CUCCUUU 
CCGGCCa 

aaCAcca 

GgCGuAC 
OGOGCCU 
aaGCCOU 
CGaAaCU 
COCAaCU 
OCAaCUU 
C UUCU C U 
CAGCCCU 
GCCaUAU 
cAOCCOJ 
AcaOCTO 
UCCaUcO 
LAjuaCuCJ 
cCagCAU 
GCACCAU 
AOCAACT 
GAAGACU 
AAGACUU 
GACUUCU 
OUCOCCU 
CCOCCAU 



c 
c 

A 

c 
c 
c 
u 
c 
c 
u 
c 

A 
c 
C 
u 
0 
u 
A 

a 
c 
c 
c 
u 
u 



CCGGACu 
CGGACuC 
CgUACGC 
OGCcGAC 
CDGUuCG 
OCCAOGC 
CMGCAG 
CUGAuCG 
uGAuCGc 
AGOGAGC 
CCAGUAC 
GVGQACu 
CU0GCCA 
CAcAuGA 
GcCACCG 
gCCaGAc 
GAaGAGA 
cAAGagu 
0GAGACC 
CAAGAGu 
AAGAGuA 
ADGAAGA 
LTJUUCAa 
UCAauGG 
CAauGGA 
C AauGGAC 
C CAaCcCG 
u GAucGAa 
U GC0GOGC 
a CCCG aAa 
CCGaAGu 
AaCUCCQ 

co uxxx: 

OGUOJCC 
CCCAAGC 
caCCUUc 
gCcOQAC 
agCacCA 
cCagCAU 
c CagCuDC 
u AgCgCgc 
C CCOcAGC 
AACUuOG 
UGADGAG 
CUOCOCC 
OCC0CCA 
COCCADU 
CAO0GCG 



C 
C 

u 
c 
c 

A 
a 

c 
c 



1184 

1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GGccccCJ C 
GUccCuU c 
OUaCCaQ C 
GGgAGuC u 
CAGcCCU a 
cuGGCCU a 
GGuCCCU u 
CCCAgcQ C 
CCAGcCU C 
CCCaGCU C 
CCABGGU c 
gOGGgcU C 
AUgAGuCJ u 
CuCCUGU u 
cCCCAGtf u 
CAGUuCU A 
gGGuCCU c 
CuuOtiCU c 
AOGCTOU C 

cugcagu a 
ogcaguu a 

GGGGCCa a 

ccuroca u 

GgaGTOU a 
gaGOGOU c 
CTOGCAQ C 
CuDCgGU & 
GACAAOJ C 
UCaGAGa U 
C&GAGUU U 
aGAGUUU C 
gGuGCAU c 
ATOGAGU A 
OGAaGCU A 
AaGCOAU A 
UAQAACD C 
CUCuCCU A 
CCCAGCU C 
OCOX3CU u 
CGGGGCU u 
cOGaCCQ C 
CuCUgCU U 
uCOgCUU c 
CUCgcUU u 



CUcCUGa 
CUcaGCc 
aGGGCAG 
AGuCuGa 
caCCUUc 
aGCaCCG 
CCucAGc 
CUGCCCC 
CAGgCuC 
CuGCCcc 
cCuuCcu 
AGCDgcG 
OccCCCA 
CgAGOCu 
CUAaCCC 
aCCCCgG 
CcCAGuC 
AaGOTSa 
gGAaGCC 
OGADGcU 
GAOScUG 
GCTOGGC 
GGCAACA 
CACAGAC 
ACAGACC 
uOTgGAC 
GggAACU 
aGAGUUU 
OCAGCAG 
CAGCAGC 
AGCAGCU 
CCUGUGu 
CCCCXSAa 
UAACUCG 
ACUCGCC 
GCCOgGU 
GaGAgyG 
CDGCcCC 
CggUaGG 
CCCAADG 
ugccCAG 
cCAGGuG 
CAGGuGA 
cGGAGgU 



U GCGGACA 
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1704 ATOGACU V CCCuGCu 

1705 UGGACDU C UCuGCuC 
1707 GACOOCa C uGCuCUu 
1721 uuDGAOT C AGADCAG 
1726 GOCAGA0 C AGCUCCU 
1721 ADCAGCa C CUAAGGu 
1734 AGCOCCtJ A AGGuCctT 
1754 CaGugCU C CCaAGAG 
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Table 18 

Human relA HH Target Sequences 
nt. Position HH Target Sequence 



19 


AADGGCU C GUCUGUA 


22 


GGCUCGU C UGOAGUG 


26 


CGUOXXJ A GTOCACG 


93 


GAACUGU u cccccoc 


94 


AACUGGU C CCCCUCA 


100 


ucccccu c aucuucc 


103 


cacucAP C UUOCCGG 


105 


CUCADGJ U CCCGGCA 


106 


UCADCUU C CCGGCAG 


129 


CAGGCCU C UGGCCCC 


138 


GGCCCC0" A OS03GAG 


148 


UGGAGAU C ADUGAGC 


151 


AGADCAU U GAGCAGC 


180 


ADGCGOJ U CCGCCIAC 


161 


U3CGCUU C CGCOACA 


186 


UUCCGCU A CAAGUGC 


204 


GGGCGCU C CGOGGGC 


217 


GCAGCAU C CCAGGCG 


239 


CACAGAD A CCACCAA 


262 


CCACCAU C AAGADCA 


268 


UCAAGAU C AAUGGCU 


276 


AATOGCU A CACAGGA 


301 


UGCGCAU C UCCCUGG 


303 


CGCADCU C CCUGGOC 


310 


CCCUGGU C ACCAAGG 


323 


GGACCCU C COCACCG 


326 


cccucca C ACOGGCC 


335 


CCGGCCU C ACOCCCA 


349 


ACGAGCU U GUAGGAA 


352 


AGCUUGU A GGAAAGG 


375 


GADGGCU U CUAUUAG 


376 


AUGGCUU C UAUGAGG 


378 


GGCUUCU A UGAGGCU 


391 


CUGAGCU C UGCCCGG 


409 


GCUGCAD C CACAGUU 


416 


CCACAGU U UCCAGAA 


417 


CACAGUU U CCAGAAC 


418 


ACAGUUU C CAGAACC 


433 


UGGGAAU C GAGUGUG 


795 


GGCUCCU U UUCGCAA 


796 


GCUCCUU TJ UCGCAAG 


797 


CUCCUUU U CGCAAGC 


798 


UCCUUUU C GCAAGCO 


829 


UGGCCAU U GOOTUCC 


834 


ADUGCGU U CCGGACC 



f 

PCT/IB95/001S6 



nt. Position HH Target Sequence 



467 


GCAGGCU A UCAGUCA 


469 


AGGCUAU C AGUCAGC 


473 


uaucagu c agcgcau 


481 


AGCGCAU C CAGACCA 


501 


AACCCCU U CCAAGUU 


502 


ACCCCUU C CAAGUUC 


508 


UCCAAGU U CCOAUAG 


509 


CCAAGUU C CUAUAGA 


512 


AtiwbCtrJ A UAGAAGA 


514 


UUXTJAU A GAAGAGC 


534 


GGGGACU A CGACCUG 


556 


UGCGGCU C UGCUUCC 


561 


CUCUGCU U CCAGGUG 


562 


UCOGCUU C CAGGUGA 


585 


GACCCAU C AGGCAGG 


598 


GGCCCCU C CGCCDGC 


613 


CGCCUGU C CUUCCCC 


616 


CUGUCCU U CCUCADC 


617 


UGULUjU C CUCAECC 


620 


CCUULUI C AUCCCAU 


623 


UCCUCAU C CCADCOT7 


628 


AUCCCAU C UUUGACA 


630 


CCCAUCU U UGACAAU 


631 


CCAUCUU U GACAAUC 


638 


UGACAAU C GUGCCCC 


661 


CCGAGCU C AAGAUCU 


667 


UCAAGAU C UGCCGAG 


687 


CGAAACU C UGGCAGC 


700 


GCUGCCU C GGUGGGG 


715 


AUGAGAU C UUCCUAC 


717 


GAGADCU U CCUACUG 


718 


AGADCUU C OTACUGU 


721 


UCUUCCU A CUGUGUG 


751 


AGGACAU U GAGGUGU 


759 


GAGGUGU A UUUCACG 


761 


GGUGUAU U UCACGGG 


762 


GUGUAUU U CACGGGA 


763 


UGUAUUU C ACGGGAC 


792 


CGAGGCU C CUUUUCG 


1167 


' GAUGAGU U UCCCACC 


1168 


AUGAGUU U CCCACCA 


1169 


UGAGUUU C CCACCAU 


1182 


AUGGUGU U UCCUUCU 


1183 


UGGUGUU U CCUUCUG 


1184 


GGUGUUU C CUUCUGG 
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835 


UUGOGUO C CGGACCC 


1187 


845 


gaccccu c caacGc 


1188 


849 


CCUCCCU A CGCAGAC 


1198 


872 


GCAGGCtJ C COGOGCG 


1209 


883 


UGCGUGU C OCCADGC 


1215 


885 


C30G0CU C CADGCAG 


1229 


905 


GCGGC07 U OOGACCG 


1237 


906 


CGGCCOU C OGACCGG 


1250 


919 


GGGAGOT C AGOGAGC 


1268 


936 


ADGGAAU U CCAGOAC 


1279 


937 


OGGAAUU C CAGOACC 


1281 


942 


UOCGAGC7 A OXWCCA 


1286 


953 


GCCAGAU A CAGACGA 


1309 


962 


AGACGAU C GUQCCG 


1315 


965 


CGADCOT C ACCGGAU 


1318 


973 


ACCGGA0 a GAGGAGA 


1331 


986 


GAAACOT A AAASGAC 


1334 


996 


AGGACA0 A OGAGACC 


1389 


1005 


GAGACCU U CAAGAGC 


1413 


1006 


AGACCOT C AAGAGCA 


1414 


1015 


AGAGCA0 C AOGAAGA 


1437 


1028 


GAAGAGCJ C CUUUCAG 


1441 


1031 


GAGOCCa a UCAGCGG 


1467 


1032 


AGUccoa a gagogga 


1468 


1033 


GOCCUCU C AGOGGAC 


1482 


1058 


CCGGCCU c caocdcg 


1486 


1064 


UCCACCU C GACGCAD 




1072 


GACGCAU a GCDGUGC 


1500 


1082 


UGCGCCU U CCOGCAG 


1501 


1083 


GTOCCUU C CCGCAGC 


1502 


1092 


CGCAGCa C AGLUUCU 


1525 


1097 


cocagcu a ojguocc 


1566 


1098 


OCAGCTC C OGOOOCC 


1577 


1102 


CUUCOGU C CCCAAGC 


1579 


1125 


CAGCCCU A occcuuu 


1583 


1127 


GCCCUAU C CCOTOAC 


1588 


1131 


QADCCCU U UAOUUCA 


1622 


1132 


ADCCCUU U AOGUCAP 


162fi 


1133 


UGOCUUU A CGUCAOC 




1137 


UUOACGO C ADCOC0G 




1140 


ACGUCAU C CC0GAGC 




1153 


GCACCA0 C AACQAOG 




1158 


ADCAACU A CGADGAG 


1665 


1680 


GAAGACU U CUOCUCC 




1681 


AAGACUU C OCCDOCA 




1683 


GACUUCU C CUCCADU 




1686 


UUCUCOJ C CADOGCG 




1690 


CCOCCAD U GCGGACA 




1704 


AUGGACU U CUCAGCC 





GUUDCCU U CUGGGCA 
UUUCCUU C UGGGCAG 
GGCAGACJ C AGCCAGG 
CAGGCCU C GGCCUUG 
OCGGCCO a GGCCCCG 
GGCCCCU C CCCAAGU 
CCCAAGU C CLRj C CCC 
CCAGGCU C CAGCCCC 
CCC03OJ C CAGCCAU 
CCADGGU A OCAGCUC 
ACGGUAU C AGCDCCG 
ADCAGCU C OGGCCCA 
CCCOJOT C CCAGOCC 
OCCCAGU C COAGCCC 
cagocot A GCCCCAG 
AGGCCCT C CUCAGGC 
eCCttX U C XGQC U G U 
ACGOTOT C AGAGGCC 

cogcagcj a ogadgau 

tXSCAGOU U GAIX3ADG 
GGGGCOJ U GCUUGGC 
COAJGCU U GGCAACA 
GC0C0GU U CACAGAC 
COSOSOT C AOGACC 
COTGCAtf C CGCCGAC 
CAUCCGU C GACAACU 
-GACAAOT C CGAGDUU 
UCCGAGU U DCAGCAG 
CCGAGTO a CAGCAGC 
CGAGUDD" C AGCAGCa 
AGGGCAU A CCUGUGG 
ATCGAGU A CCCOGAG 
OGAGGCU A CAAOTCG 
AGGCUA0 A ACOCGCC 
UAOAACU C GCCUA GU 
CDCGCCU A GCGACAG 

cccAGca c oj gc u cc 

SCCTOCU C CACUGGG 
CGGGGCU C CCCAADG 
ABDGCCU C COUUCAG 
GCOXXU U OCAGGAG 

caxcuu a caggaga 

CUCCUUU C AGGAGAU 
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1705 UGGACTO C UCAGCCC 

1707 GACOOCU C AGCCCDG 

1721 GCOGAGU C AGADCAG 

1726 GCCAGAU C AGCD C C U 

1731 AUCAGCU C CUAAGGG 

1734 AGOXCT A AGGG3OT 

1754 CUGCCCU C CCCAGAG 
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Table 19 

Mouse rel A HH JRibozyme Sequences 

„ nt - HH Ribozyme Sequence 

Sequence 



15 UCCOGUG CUGADGAGGCCGAAAGGCCGAA AGCCAUU 

22 CACC ACG CUGADGAGGCCGAAAGGCCGAA AGGAGCJ 

26 UGUCCGC CUGADGAGGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA CUGADGAGGCCGAAAGGCCGAA ACAGADC 

94 DGAGGGG CUGADGAGGCCGAAAGGCCGAA AACAGAU 
100 GAAAGA0 CD3ADSAGGGCGAAAGGCCGAA AGGGGAA 
103 AGGGAAA COGADGAGGCCGAAAGGCCGAA ADGAGGG 

105 DGAGGGA C03ADGAG3COGAAAGGCOGAA AGADGAG 

106 CUGAGGG OTGAIX3AGGCCGAAAGGCCGAA AAGADGA 
129 AOGCC CA GX5ADGAGGCCGAAAGGCCGAA AAGCCUG 
138 CUCCACA CTCADGAGGCXGAAAGGCCGAA AAGGCCC 
148 ^UU-iiAU CDGA03AGGO32AAAGGCCGAA ADCUCCA 
151 GCTCUUC CD3ADGAGGCCGAAAGGCCGAA ADGADCU 

180 AOAGCGG COGADGAGGCCGAAAGGCCGAA ADCGCAU 

181 UADAGCG C0GADSAGGCO3AAAGGCCGAA AADCGCA 
186 Q ^DU ra CUGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCU COGAOSAGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCAGG CD3ADSAGGCCGAAAGGCCGAA ADACUGC 
239 UDGGTOG CTCAIXiAGGCXGAAAGGOCGAA ADCUGUG 
262 UGADCUU COGADGAGGCCGAAAGGCCGAA ADGGUGG 
268 AGCCAPU CUGADGAGGCCGAAAGGCCGAA ADCUUGA 
275 UCCD3UG CUGAD3AGGCCGAAAGG033AA AGCCADU 
301 CCAGGGA OX3UX»GGCCGAAAGGCCGAA ADDCGAA 
303 GACCAGG COGADGAGGCCGAAAGGCCGAA AGADUCG 
310 CCUUGGU CUGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 UCAGGAG COGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 GGCCG GU OTADGAGGCD3AAAGGCXGAA AGGUGGA 
335 OGD3GA0 COGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 UCCCCAC COGADGAGGCCGAAAGGCCGAA AGUUGAD 
352 GCDGUUC CUGADGAGGCCGAAAGGCCGAA ADGADCU 

375 CUCADM CUGADGAGGCCGAAAGGCCGAA AGCCADC 

376 CDCCGGA COGADGAGGCCGAAAGGCCGAA AGACCA0 
378 AGCCDCA COGADGAGGCXXaUUttSGCCGAA AGOAGCC 
391 CUGGGCA CUGADGAGGCCGAAAGGCCGAA AGGUCAG 
409 AGCUADG CUGADGAGGCCGAAAGGCCGAA ADACUGC 

416 CUAD3GA CUGAOGAGGTOGAAAGGCCGAA ACUGCGG 

417 CTTCTOG OJGAOGAGGCCGAAAGGCCGAA AGCOADG 

418 GGUUCUG CUGADGAGGCXGAAAGGCCGAA AAGCUAU 
433 CACACUG CUGADGAGGCCGAAAGGCCGAA AOCCCCA 
467 CGAACAG CUGADGAGGCCGAAAGGCCGAA AGCCOSG 
469 GCUGGCU CUGADGAGGCCGAAAGGCCGAA AUGGCUU 
473 CUGAUCU CUGADGAGGCCGAAAGGCCGAA ACUCAAA 
481 UGGUCUG CUGADGAGGCCGAAAGGCCGAA ADUCGCU 
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501 AACGDGA CDGADGAGGCCGAAAGGCCGAA AGGGGOU 

502 GAACGDG OX3ADGAGGCCGAAAGGCCGAA AAGGGGU 

508 CQADAGG CDGADGAGGCOGAAAGGGOGAA ACGOGAA 

509 DCUADAG CDGADGAGGCCGAAAGGCCGAA AACGUGA 
512 UCCUCUA CDGADGAGGCCGAAAGGCCGAA AGGAACG 
514 GCDCCOC CUGADGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAAGOCA CDGADGAGGCCGAAAGGCCGAA AGDCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGCCGAA AGGCGCA 

561 CACCUGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

562 DCACCOG COGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 QCLUCCa CDGADGAG3COGAAAGGCCGAA ADGGCUU 
598 DCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GDGAGAG CDGADGAGGCCGAAAGGCCGAA ACAGGGG 

616 GADSD3A CDGADGAGGCCGAAAGGCCGAA AGGACAG 

617 GGCDGAG CDGADGAGGCCGAAAGGCCGAA AAGGGAC 
620 CATOGCa CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 GAGAD3G CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
628 UADCAAA CDGADGAGGCCGAAAGGCCGAA AOCGGAD 

630 GOUADCA CDGADGAGGCCGAAAGGCCGAA AAADOGG 

631 GGUOADC CDGADGAGGCCGAAAGGCCGAA AAAADCG 
638 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 
661 AGADCDD CDGADGAGGCCGAAAGGCCGAA AGCOCGG 
667 CDCGGCA G2GADGAGGCCGAAAGGCGGAA ADCUD3A 
637 GCDCCCA CDGADGAGGCCGAAAGGCCGAA AG UU C C G 
700 CCCCACC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GCAAGAA CDGADGAGGCCGAAAGGCCGAA ADCUCAD 

717 CAGCAAG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGCAA CDGADGAGGCCGAAAGGCCGAA AAGADCD 
721 CGCAADG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 
751 ACACCDC CDGADGAGGCCGAAAGGCCGAA ADGOCUU 
759 CGDGAAA CDGADGAGGCCGAAAGGCCGAA ACACCDC 

761 CCCGDGA CDGADGAGGCCGAAAGGCCGAA ADACACC 

762 DCCCUW CDGADGAGGCCGAAAGGCCGAA AAQACAC 

763 GDCCCGD CDGADGAGGCCGAAAGGCCGAA AAAHACA 
792 AGAAAAG CDGADGAGGCCGAAAGGCCGAA AGCCDCG 

795 UDGAGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 CUD3AGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCTDGAG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCUDGA CDGADGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 AGOCCGG CDGADGAGGCCGAAAGGCCGAA ACACAAD 

835 GAGOC UG CDGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGDEACG CDGADGAGGCCGAAAGGCCGAA AGGAGDC 
849 GOCGGCG CDGADGAGGCCGAAAGGCCGAA ACGGAGG 
372 CGAACAG CDGADGAGGCCGAAAGGCCGAA AGCCDGG 
883 GCADGGA CDGADGAGGCCGAAAGGCCGAA ACDCGAA 
885 CDGCADG CDGADGAGGCCGAAAGGCCGAA AGACDCG 

905 CGADCAG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 GCGADCA CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
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919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1167 
1168 
1169 
1182 
1183 
1184 
1187 
1188 
1198 
1209 
1215 
1229 
1237 
1250 
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GCUCAOJ 
GOACUGG 
AGQACUG 
UGGCAAG 
OCADGOG 
CGGUGGC 
GOCOGGC 
UCTJCUUC 
ACOCUUS 
GG0C0CA 
ACOCUCG 
UACULTJU 
UCUUCAO 
UCGAAAG 
CCADTOA 
OCCADOG 
GOCCADG 
CGGGOTG 
ULUUADC 
GCACAGC 
UCCCGGG 
ACODCGG 
AGAAGOT 
GGGACAG 
GGGGACA 
GCUOGGG 
GAAGGUG 
GOAAGGC 
OTGOGCU 
ADGCDGG 
GAAGCOG 
GOGOGCU 
GCDGAGG 
CAAAGOU 
CDCADCA 
GG GQGAA 
UOGGGGA 
ADGGGGG 
UGADSGU 
COGADGG 
DCAGGAG 
GGCOGAG 

axsccca 

UCAGACU 
GAAGGOG 
CGGOGCO 
GCDGAGG 
GGGGCAG 
GAGCCOG 



CUGMX3AGGCXGAAAGG<r^ AGCDCGC 
OTGAro ^ ACUCCAD 
COGAOSAGGCCGAAAGGCCGAA AACDCCA 
CBSaDGAGGCOSAAAGGCCKtt ACDGGAA 
CBGABGAGGCCGAAAGGCO^ ADGAGGC 
OTGAB3AGGCXGAAAGCXXGAA ADCADCU 
CB3ADGAGGCCGAAAG3XGAA AGOACUG 
ClXaD3AGGC ^^ AOCCGGD 
CTGAaSAG0 ^^ AGGOCOC 
CaaOSAGO»SUVAGGCC3GAA AGGDCCU 
CT3AIXSAGGCCGAAAGGCXGAA AGGOCUC 
CCWTOAGGCCGAAAGGCCCaA AAGG0CU 
CBSaoSAGSCXGAAAGCCCGAA AOACUCa 

cbgaix»ggccgaaaggccga^ acocuuc 

CPSAOSAGQCCGAAAOGCCSAA AGGAC0C 
CDGAOTAGGCCGAAAGGCCGAA AAGGACU 
CUSAO3AGGCCGAAAGGC0GAA AAAGGAC 
CT3AIXSAGQOOGAAAGSOOGAA AQQCCG G 
CCX3ADGAGGCCGAAAGGC0SAA A GG O GUA 
CroADSAGQCC ^^ AOACGCC 
CDGAU3AGGCOGAAAGGCOGAA AGGCACA 
a3GAroAc ^^ AAGGCTO 
<TOAD3AG!XCEAAAG0Ca3* A OAJUCG 
^SAOSAGGCXXaAAGGCXSW AGOOGAG 
CTSACTaGGCCGAAAGGCCGAA AAGUUGA 
CTOMKBlGGCaSU^^ ACAGAAG 
COGArauXXTGAAAGGCCGAA AGG GC UG 
C0GAD3MG ^^ ADA0GGC 
C3GAO3AGGCCGAAAGGC0GAA AGGGADG 
CDGAroA ^^ 

CTOA0SAGGCOC3UUU3GCCGAA AGADGGA 
CCGArcAGGCCG ^^ AAGQAAA 

cu ^utiAGGOOGAAAGGCCGAA XDGGOGC 
C0GAa3AGGca ^^ AGOOGA0 
CBSABSAGGCOGAAAGOCCGAA ACDCADC 
CCGArxa,t ^^ AACOCA0 
GXBf* 3 ^ AAACOCA 
CCGAOGAGGCCGAAAGGCOGAA ACAGCAD 
C0GAB3AGGCOGAAAGGCOGAA AACAGCA 
CBSaBSAGGCOGAAAGGttGAA AGGGGCC 
CTGWXaGC ^^ AAGGGAC 
GXXE^^ ADGGOAA 
CDGAD3AGC ^^ AAC0CCC 
CCSraAGGCXGaAAGGCOGAA AGGGCDG 
CDGAaaGG< ^^ AGGCCAG 
CCGAaSAGGC0 ^^ AGGGACC 
CDGAa:3 ^^ AGCOGGG 
COGAOGAGGCCGAAAGGCCGAA AGGCOQG 
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1268 GGGGCAG (XGADGAGGCCGAAAGGCCGAA AGCUGGG 

1279 AGGAAGG COGADGAGGCCGAAAGGCCGAA ACCADGG 

1281 CGCAGCD COGADGAGGCCGAAAGGCCGAA AGCCCAC 

1286 TOGGGGA CDGATOAGGCCGAAAGGCCGAA AACOCAD' 

1309 AGAOJCG CDGATOAGGCCGAAAGGCCGAA ACAGGAG 

1315 GGOJUAG CDGATOAGGCCGAAAGGCCGAA ACDGGGG 

1318 CCGGGGU CDGATOAGGCCGAAAGGCCGAA AGAACDG 

1331 GACTOGG CTOATOAGGCCGAAAGGCCGAA AGGACCC 

1334 DCAGCDO CTOATOAGGCCGAAAGGCCGAA AGAAAAG 

1389 GGCOTOC CTOATOAGGCCGAAAGGCCGAA ACAGCGU 

1413 AGCADCA CTOADGA GGC CGAAAGGCCGAA ACCGCAG 

1414 CAGCADC CTOADGAGGCCGAAAGGCCGAA AACDGCA 
1437 GCCAAGC CTOATOAGGCCGAAAGGCCGAA AGGCCCC 
1441 TODTOCC CTOADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GOCTOTO CTOATOAGGCCGAAAGGCCGAA ACACDCC 

1468 GGDCDGU CTOATOAGGCCGAAAGGCCGAA AACACDC 
1482 GOCCACA CTOADGAGGCCGAAAGGCCGAA ADGCCAG 
I486 AGUTOCC CTOADGAGGCCGAAAGGCCGAA ACCGAAG 
1494 AAACOCO CTOATOAGGCCGAAAGGCCGAA AGDDGCC 

1500 ctocdga aransuraxGAAAGGccGAA acdcdga 

1501 GCDGCOG CDGATOAGGCCGAAAGGCCGAA AACDCDG 

1502 AGCDGOJ CTOATOAGGCCGAAAGGCCGAA AAACDCD 
1525 ACACAGG CTOATOAGGCCGAAAGGCCGAA AEGGACC 
1566 ODCAGGG CTOADGAGGCCGAAAGGCCGAA ACDCCAU 
1577 CGAGDUA CTOATOAGGCCGAAAGGCCGAA AGCOOCA 
1579 GGCGAGU CTOADGAGGCCGAAAGGCCGAA ADAGCDD 
1583 ACCAGGC CTOATOAGGCCGAAAGGCCGAA AGOUAUA 
1588 CCCOCOC CTOATOAGGCCGAAAGGCCGAA AGGAGAG 
^622 GGGGCAG CTOADGAGGCCGAAAGGCCGAA AGCOGGG 
l fi28 CCOACCG CTOATOAGGCCGAAAGGCCGAA AGCAGGA 
I 648 CADTOGG CTOATOAGGCCGAAAGGCCGAA AGCCCCG 
1^50 COGGGCA CDGADGAGGCCGAAAGGCCGAA AGGDCAG 
lg 63 CACCTOG CTOATOAGGCCGAAAGGCCGAA AGCAGAG 
"64 TOACCTO CTOATOAGGCOGAAAGGCCGAA AAGCAGA 
1665 ACCDCCG CTOADGAGGCCGAAAGGCCGAA AAGCGAG 
lfi 80 GGAGGAG CTOATOAGGCCGAAAGGCCGAA AGDCODC 
L * 81 TOGAGGA CTOATOAGGCCGAAAGGCCGAA AAGDC DU 
I 683 AATOGAG CTOATOAGGCCGAAAGGCCGAA AGAAGOC 
1636 CGCAATO CTOATOAGGCCGAAAGGCCGAA AGGAGAA 
1690 DGOCCGC CDGATOAGGCCGAAAGGCCGAA ADGGAGG 

1704 AGCAGAG CTOATOAGGCCGAAAGGCCGAA AGDCCAU 

1705 GAGCAGA CTOADGAGGCCGAAAGGCCGAA AAGOCCA 
1707 AAGAGCA CDGATOAGGCCGAAAGGCCGAA AGAAGDC 
17 21 CTOADCD CTOATOAGGCCGAAAGGCCGAA ACDCAAA 
1726 AGGAGC D CTOATOAGGCCGAAAGGCCGAA ADCDGAC 
1? 31 AOCDUAG CTOATOAGGCCGAAAGGCCGAA AGCUGAU 
1 ? 34 AGCACCD CTOADGAGGCCGAAAGGCCGAA AGGAGCD 
1 7 54 COCDUGG CDGATOAGGCCGAAAGGCCGAA AGCACDG 
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HH Ribozyme Sequences 

HH Ribozyme Sequences 



is 

22 
26 
93 
94 
100 
103 
105 
106 
129 
138 
148 
151 
180 
181 
186 
204 
217 
239 
262 
268 
276 
301 
303 
310 
323 
326 
335 
349 
352 
375 
376 
378 
391 
409 
416 
417 
418 
433 
467 
469 
473 
481 
501 



uacagac axarx^uaxcGAAAGGccGAA AGCCAUU 

CACOACA OT3ADGAGGCCGAAAGGCCGAA ACGAGCC 
CGOGCAC CTGADSAGGCCGAAAGGCCGAA ACAGACG 
COGADGAGGCCGAAAGGCCGAA ACAGUUC 
OSAGGGG OX»IX3AGGCCGAAAGGCa3AA AACAGUU 
GGAAS AP OX3ADGAGG(XX3UttGGCCGAA AGGGGGA 
CCGGGAA CB3AII3AGGCCGAAAGGCOGAA ADGAGGG 
TOCCGGG C0GAO3AGGC0GAAAGGCCGAA AGADGAG 
CTSCCGG C0GAXX3AGGCCGAAAGGCOGAA AAGADGA 
G»OCCA OX3AIX3ASGCOGAAAGGCCGAA AGGCCUG 
COCCACA C03AnSAGGC03UVAGGCOGAA AGGGGCC 
GCTCA^ CT3ADGAGGCCGAAAGGCCGAA ADCUCCA 
GCOGOCJC aX3AtX3AGGCO3AAAGGC0GAA AD GAD UF 
GOAGCGG OT3Araw»»3UVAGGCC^ AGCGCAU 
O30AGCG C03AOGAGGCO»AAGGCCGAA AAGCGCA 
^CTO3 G3GAO3AGG0GGAAAGGCGGAA AGCGGAA 
G^CCGCG CDGAD3AGGCCGAAAGGCCGAA AGCGCCC 
CGCCOGG OT3ADGAGGCCGAAAGGCCGAA ADGCUGC 
TO3GUGG OT3AOSAGGCOGAAAGGCCGAA ADCUGUG 
OSADCUU C03ADGAGGCCGAAAGGCCGAA ADGGUGG 
AGCCAUU CTOAOaGGCCGAAAGGCCGAA A UCUU GA 
SCCD3UG OTSATOAGGCCGAAAGGCCGAA AGCCAUU 
CCAGGGA COTAXJGAGGCCGAAAGGCCGAA AUGCGCA 
®fCAGG amDGAGGCC&^^ AGADGCG 
^^GU CUGADGAGQCCGAAAGGCCGAA ACCAGGG 
<3~*>5Ag C03ADGAGGCO3AAAGGCCGAA AGGGUCC 
OGCCGGU GXjADSAGGCCGAAAGGCCGAA aggaggg 
^GMU CTOAOSAGGCCGAAAGGCOSAA AGGCCGG 
UTOC^C OTAOMGCCGAAAGGCCGAA AGCUCGU 
CCUUUCC CUGA03AGGCCGAAAGGGCGAA ACAAGCU 
COCAUAG OXMGAGGCCX3UUU3GCCGA^ AGCCADC 
CCUCAUA OTSAIXaAGGCOGAAAGGCCGAA AAGCCAU 
N3COTCA C0SAO5AGGCCGAAAGGCCGAA AGAAGCC 
CCGGGCA COSAD3AGGCCGAAAGGCCGAA AGCUCAG 
AACDGU5 COSADGAGGCCGAAAGGCCGAA ADGCAGC 
^OSGA OXaiX3AGGCCGAAAGGCCGAA ACUGUGG 
f^X5G CCXMX5AGGCCGAAAGGCCGAA AACUGUG 
GGUUCUG C03ADGAGGCCGAAAGGCCGAA AAACOGU 
CACACOT CTOADGAGGCCGAAAGGCCGAA ADUCCCA 
3»CUGA COGADGAGGCCGAAAGGCCGAA AGCCDGC 
GCOGACU OXMGAGCXXGAAAGGCCGAA ADAGCCU 
AO^CGCT COSADGAGGCCGAAAGGCCGAA ACUGAUA 
OSGUCUG CDGADGAGGOCGAAAGGCOGAA AOGCGCU 
MCWGG COSATOAGGttGAAAGGCCGAA AGGGGUU 
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502 GAACDUG CDGADGAGGCCGAAAGGCCGAA AAGGGGD 

508 COADAGG CDGADGAGGCCGAAAGGCCGAA ACDOGGA 

509 UCUAUAG CDGADGAGGCCGAAAGGCCGAA AACDDGG 
512 UCUUCUA CDGADGAGGCCGAAAGGCCGAA AGGAACU 
514 GCUCUUC CD3ADGAGGCCGAAAGGCCGAA ADAGGAA 

534 CAGGCCG CDGADGAGGCCGAAAGGCCGAA AGDCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGCCGAA AGCCGCA 

561 CACCDGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

562 DCACCDG CDGADGAGGCCGAAAGGCCGAA AAGGAGA 

535 CCUGCCU CDGADGAGGCCGAAAGGCCGAA ADGGGDC 
598 GCAGGCG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GAGGAAG CDGADGAGGCCGAAAGGCCGAA ACAGGCG 

616 GADGAGG CDGADGAGGCCGAAAGGCCGAA AGGACAG 

617 GGADGAG CDGADGAGGCCGAAAGGCCGAA AAGGACA 
620 ADSGGAD CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 AAGADGG CDGADGAGGCCGAAAGGCCGAA ADGAGGA 
628 OGUCAAA CDGADGAGGCCGAAAGGCCGAA ATOGGAQ 

630 ADDOTCA CDGADGAGGCCGAAAGGCCGAA AGAD3GG 

631 GADDGOC CDGADGAGGCCGAAAGGCCGAA AAGADGG 
638 GGGGCAC CDGADGAGGCCGAAAGGCCGAA A D O GUC A 
6^1 AGADCDU CDGADGAGGCCGAAAGGCCGAA AGCDCGG 
667 CUCGGCA CDGADGAGGCCGAAAGGCCGAA ADCODGA 
537 GCDGCCA CDGADGAGGCCGAAAGGCCGAA AGUUUCG 
700 CCCCACC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GDAGGAA CDGADGAGGCCGAAAGGCCGAA ADCOCAU 

717 CAGUAGG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGUAG CDGADGAGGCCGAAAGGCCGAA AAGADOJ 
721 CACACAG CDGADGAGGCCGAAAGGCCGAA AGGAAGA 
751 ACACCUC CDGADGAGGCCGAAAGGCCGAA ADG0CCO 
759 CGDGAAA CDGADGAGGCCGAAAGGCCGAA ACACCDC 

761 CCCGDGA CDGADGAGGCCGAAAGGCCGAA ADACACC 

762 DCCCGDG CDGADGAGGCCGAAAGGCCGAA AAOACAC 

763 GOCCCGU CDGADGAGGCCGAAAGGCCGAA AAADACA 
792 CGAAAAG CDGADGAGGCCGAAAGGCCGAA AGCCDGG 

795 UOGCGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 OJDGCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCDDGCG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCDDGC OTGAOGAGGCCGAAAGGCOGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 GGDCCGG CDGADGAGGCCGAAAGGCCGAA ACACAAD 

835 GGGDCCG CDGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGGAGG CDGADGAGGCCGAAAGGCCGAA AGGGGOC 
849 GDCDGCG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 
372 CGCACAG CDGADGAGGCCGAAAGGCCGAA AGCCOGC 
883 GCADSGA CDGADGAGGCCGAAAGGCCGAA ACACGCA 
885 CUGCADG CDGADGAGGCCGAAAGGCCGAA AGACACG 

905 CGGDCGG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 CCGGDCG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
919 GCUCACU CDGADGAGGCCGAAAGGCCGAA AGCDCCC 
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936 GUACUGG COGAUGAGGCCGAAAGGCCGAA ADUCCAU 

937 GGOAOJG aXMGAGGCCGAAAGGCCGAA AABOCCA 
942 UGGCAGG OX»IX»»XGAAAGGCCGAA ACCGGAA 
953 UCGOCUG CUGADGAGGCCGAAAGGCCGAA ADCTCGC 
962 CGGOGAC CUGABSAGGCCGAAAGGCCGAA ADCGUCU 
965 ADCCGGU COGADGAGGCCGAAAGGCCGAA ACGATCG 
973 UCUCLUC OXSATOAGGCCGAAAGGCCGAA ADCCGGff 
986 GUCCUUU OX3AUGAGGCCGAAAGGCCGAA ACGUUUC 
996 GGOCOCA CTOAOSAGGCCGAAAGGCCGAA AEGCCCU 

1005 GCUCDUG C0GAIX3AGGCa»AAGGCCGAA AGSOC UC 

1006 OSCUCUU CUGADGAGGCOTAAAGGCOGAA AAGGCCU 
1015 UOJUCA0 GXaABSAGGCCSAAAGGCQGAA ADGGOCU 
1028 CGGAAAG OXSAIJGAGGCCGAAAGGCCGAA ACUCUDC 

1031 CCGCOGA CtTSADGAGGCCGAAAGGCCSAA AGGACCC 

1032 UCCGCOG COGADGAGGCCGAAAGGCCGAA AAGGAOJ 

1033 GOCCGCO OTGA03AGGCCGAAAGGCCGAA AAAGGAC 
1058 CGAGGOS CDGADSAGGCCGAAAGGCCGAA AGGCCGG 
1064 ADGCOTC GXjADGAGGCCGAAAGGCCGAA AGGCGGA 
1072 GCACAGC aX3A03AGGCO5AAAGGCCGAA ADGQG U C 

1082 COTCGGG COGADGAGGCCGAAAGGCCGAA AGGCACA 

1083 GCOGCGG COGADGAGGCCGAAAGGCCGAA AAGGGAC 
1092 AGAAGCU aXttTOAGGCCGAAAGGCCGAA AGCOGCG 

1097 GGGACAG COGAUGAGGCCGAAAGGCCGAA AGCCGAG 

1098 GGGGACA COGADGAGGCCGAAAGGCCGAA AAGCCGA 
1102 GCOTOGG OX»IX2ttXX33SUttGGCCGAA ACAGAAG 
1125 AAAGGGA COGADGAGGCCGAAAGGCCGAA AGGGCCG 
1127 GOAAAGG COGADGAGGCCGAAAGGCCGAA ADAGGGC 

1131 OTACOTA GXjADGAGGCCGAAAGGCCGAA AGGGADA 

1132 ADGACGU COGADGAGGCCGAAAGGCCGAA AAGGGAD 

1133 GADGACG CDGAD3AGGCCGAAAGGCCGAA AAAGGGA 
1137 CAGGGAD COGADGAGGCCGAAAGGCCGAA ACGCAAA 
1140 GCDCAGG OWADGAGGCXGAAAGGCCGAA ADGACGU 
US3 CAPA GOU COGADGAGGCCGAAAGGCCGAA ADGGCGC 
-158 COCADCA CDSAOGaGGCCGAAAGGCGGAA AGOTGACJ 
HCT QGOGGGA CTOADGAGGCCGAAAGGCCGAA ACOCAUC 
11^3 OGGOGGG CD3ADGAGGCCGAAAGGCOGAA AACOCAO 
11^9 ADGGUGG COGADGAGGCCGAAAGGCCGAA AAACOCA 
H82 AGAAGGA OX5AD3AGGCCGAAAGGCCGAA ACACCAU 
H83 CAGAAGG CDSADGAGGCOGAAAGGCCGAA AACACCA 
H84 CCAGAAG CDSADGAGGCOGAAAGGCCGAA AAACACC 
H87 DGCCCAG aXSATOAGGCCGAAAGGCCGAA AGGAAAC 
1188 CIAjUXA OXaOSAGGCCGAAAGGCCGAA AAGGAAA 
1198 CCTOGCU CTOAIXMGCCGAAAGGCCGAA ADCD3CC 
1209 CAAGGCC CD3AD3AGGCCGAAAGGCCGAA AGGCCUG 
121S CGGGGCC COGADGAGGCCGAAAGGCCGAA AGGCCGA 
1229 ACUDGGG COGADGAGGCCGAAAGGCCGAA AGGGGCC 
^237 GGGGCAG COGADGAGGCCGAAAGGCCGAA AOJUGGG 
1250 GGGGCUG COGADGAGGCCGAAAGGCCGAA AGCCUGG 
1268 ADGGCUG COGADGAGGCCGAAAGGCCGAA AGGAGGG 
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1279 GAGCOGA CDGADGAGGCCGAAAGGCCGAA ACCADGG 

1281 CAGAGCO CDGADGAGGCCGAAAGGCCGAA AEEACCAU 

1286 DGGGCCA CDGADGAGGCCGAAAGGCCGAA AGCDGAXJ 

1309 GGACOGG CDGADGAGGCCGAAAGGCCGAA ACAGGGG 

1315 GGGCOAG CDGADGAGGCCGAAAGGCCGAA ACDGGGA 

1318 CDGGGGC CDGADGAGGCCGAAAGGCCGAA AGGACOG 

1331 GCCDGAG CDGADGAGGCCGAAAGGCCGAA AGGGCCU 

1334 ACAGCCU CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

1389 GGCCDCD CDGADGAGGCCGAAAGGCCGAA ACAGCGD 

1413 ADCADCA CDGADGAGGCCGAAAGGCCGAA ACOGCAG 

1414 CADCADC CDGADGAGGCCGAAAGGCCGAA AACDGCA 
1437 GCCAAGC CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
1441 DGUOTCC CDGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GDCDGD3 CDGADGAGGCCGAAAGGCCGAA ACACAGC 

1468 GGOCDGU CDGADGAGGCCGAAAGGCCGAA AACACAG 
1482 GUCGACG OT3ADGAGQCCGAAAGGCCGAA ADGCCAG 
I486 AGODGDC CD3ADGAGGCCGAAAGGCOGAA ACGGADG 
1494 AAACDCG OXSADGAGGCCGAAAGGCCGAA AGDDGOC 

1500 CDGCDGA CDGADGAGGCCGAAAGGCCGAA acocgga 

1501 GCDGCUG CDGADGAGGCCGAAAGGCCGAA AACOCGG 

1502 AGCOGCD OX3ADGAGGCCGAAAGGCCGAA AAACDCG 
1525 CCACAGG CDGADGAGGCCGAAAGGCCGAA ADSCCCD 
1566 CDCAGGG CDGADGAGGCCGAAAGGCCGAA ACDCCAD 
1577 CGAGODA CDGADGAGGCCGAAAGGCCGAA AGCCDCA 
1579 GGCGAGD CD3ADGAGGCCGAAAGGCCGAA ADAGCCD 
1593 ACOAGGC CDGADGAGGCCGAAAGGCCGAA AGDUADA 
1586 CCGOCAC CDGADGAGGCCGAAAGGCCGAA AGGCGAG 
1622 GGAGCAG CDGADGAGGCCGAAAGGCCGAA AGCDGGG 
I 628 CCCAGDG CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
lg 48 CADDGGG CDGADGAGGCCGAAAGGCCGAA AGCCCCG 
1550 CDGAAAG CDGADGAGGCCGAAAGGCCGAA AGGCCA0 

1663 CDCCDGA CDGADGAGGCCGAAAGGCCGAA AGGAGGC 

1664 ULUll UU CDGADGAGGCCGAAAGGCCGAA AAGGAGG 
1^5 ADCDCCD CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

1680 GGAGGAG CDGADGAGGCCGAAAGGCCGAA AGDCDDC 

168 1 D3GAGGA CDGADGAGGCCGAAAGGCCGAA AAGDCDU 
1$ 8 3 AADGGAG CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
1686 CGCAADG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 
1690 DGDCCGC CDGADGAGGCCGAAAGGCCGAA ADGGAGG 
i7 °4 GGCDGAG CDGADGAGGCCGAAAGGCCGAA AGDCCAU 
1705 GGGCDGA CDGADGAGGCCGAAAGGCCGAA AAGOCCA 
1707 CAGGGCU CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
172 1 CDGAOCU CDGADGAGGCCGAAAGGCCGAA ACDCAGC 
172 $ AGGAGCD CDGADGAGGCCGAAAGGCCGAA ADCDGAC 
1 7 31 CCCDUAG CDGADGAGGCCGAAAGGCCGAA AGCDGAD 
1734 ACCCCCU CDGADGAGGCCGAAAGGCCGAA AGGAGCU 
1 75 4 CDCDGGG CDGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: iluman TNF-a HH Ribozyme Target Sequence 



at . HH Target Sequence 

Position 

28 GGCAGOT a OJOJUU: 

29 GCAGGUU C O OJUCCU 

31 Abuuuaj c q occucu 

33 OTDCtfCU 0 CCOCOCA 

34 U0C5CUU C CTCUCA C 
37 UOJUC L U C OCACADA 
39 UOCCUCU C ACAOAOT 
44 OTCACAU A COGACCC 
58 CAOGGCO C CAO0C0C 
65 CCACCOT C OCUOJLXJ 
67 ACCCDCU C UCCCCDG 
69 CC UOJ C U C CCCTOGA 

106 GC ADGA U C OGGGAOG 

136 AGGCGOJ C CCCAASA 

165 CAGGGCU C CAGGCGG 

177 CGOTGCa a GCJUU.UC 

180 DGCUDGU a CCOCAGC 

181 GCUUGUU C CUCAGCC 
184 U tt UUUCU C A GC CDC U 

190 ucagccu c Docacc a 

192 asccoccj a c o oc au c 

193 GCCUCUU C UCCOTCC 

195 ojcuucu c cuu x u; 

198 UU C UCXU 0 CCCGAOC 

199 UCUXUU C COGADCC 
205 UCCOGAU C GOGGCAG 
226 CCACGCU C UOCDOCC 

228 ACOCTCU U CUJCOJ G 

229 aS CU C UU C UCjOCDGC 

243 OTSCACU a O3GAG0G 

244 UGCACUU U GGAGOGA 
253 GAOTGA0 C GGCCCCC 
273 GAAGAGCT C CCCCAOG 
286 G3GACCU C OCUUJAA 
288 GACCUCU C UCQAADC 
290 CCDCUCU C UAADCAG 
292 UCOCUCU A ADCAGCC 
295 CUCOAAU C AGCOCDC 
302 CAGCCCU C OGGCCCA 



at. HH Target Sequence 
Position 



321 


GD2AGAU C ADCOTCU 


324 


AGUJCAU C OCCCCGA 


326 


AOrADCT U CUCGAAC 


327 


OCUJCUU C UCGAACC 


329 


ADrGUCO C GAACCCC 


352 


AGCCUGU A GCCCADG 


361 


CQZADGtJ U OTAGCAA 


364 


ABiUUWJ A GCAAACC 


374 


AAJlOCOJ C AAGCOGA 


391 


GGCZAGCU C CAG3GGC 


421 


ADCiOCCU C CCGSCCA 


449 


GA£SAGAIT A ACCAGCO 


468 


GUCrCCAIJ C amflrary 


480 


GGC.UUGU A CCUCADC 


484 


UGUACCU C ACCUATO 


487 


AOCIDCAD C UACUCCC 


489 


CUt'AOGJ A COCCCAG 


492 


ADCI3ACU C CCAGGOC 


499 


CCCAGGU C CUCUOCA • 


502 


AGGIXXJU C ODCAAGG 


504 


Gocajca a caagggc 


505 


occacuu c aagggcc 


525 


axcccu C CACCCAU 


538 


ADGB3OT C COCACCC 


541 


TOCCXXa C ACCCACA 


553 


ACAZCAU C AGCCCCA 


562 


GCC3CAU c Gcasocu 


568 


UCG3COT C 0CCUACC 


570 


GOC3UCU C COACCAG 


573 


GOCJCCU A CCAGACC 


586 


CCA&GGU C AACCDCC 


592 


OCA^CCU C CUCUCUG 


59F 


ACOXTU C DC0GCCA 


597 


COOrOCU C UGCCADC 


604 


CCOXAU C AAGAGCC 


657 


CCOJ3GU A UGAGCCC 


667 


AGOXAD C UADCTGG 


669 


CCGUJCU A UCCGGGA 
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671 


CADCUAU C UGGGAGG 


960 


UGGGAUU C AGGAAOG 


682 


GAGGGGU C OTCCAGC 


1001 


AACCACU A AGAAUUC 


684 


GGGGOCU U CCAGCUG 


1007 


CAAGAAU 0 CAAACUG 


685 


GGGOCUU C CAGCOGG 


1008 


AAGAAUU C AAACUGG 


709 


ACCGACU C AGCGCUG 


1021 


GGGGCCT C CAGAACU 


721 


CUGAGA0 C AADCGGC 


1029 


CAGAACU C ACUGGGG 


725 


GADCAAIJ C GGCOCGA 


1040 


GGGGCCU A CAGCUUU 


735 


CCCGACU A UCOCGAC 


1046 


UACAGCU a UGAUCCC 


737 


CGACUAU C UCGACUU 


1047 


ACAGCUU U GAUCCCU 


739 


ACUAOCU C GACUUUG 


1051 


CUOT3AU C CCUGACA 


744 


COCGACU Q UGCCGAG 


1060 


CUGACAU C CGGAAUC 


745 


UCGACUU a GCOGAGU 


1067 


CUGGAAU C UGGAGAC 


753 


GCCGAGU C UGGGCAG 


1085 


GGAGCCU a UGGUUCU 


763 


GGCAGGO C UACUUUG 


1086 


GAGCCDU a GGUUCUG 


765 




1090 


CUUOGGU U CCGGCCA 


768 


GUCUACU a OGGGAOC 


1091 


UUUUAIU C UGGCCAG 


769 


IXEACUU a GGGADCA 


1113 


CAGGACU U GAGAAGA 


775 


UUCGGAU C AUUUCCC 


1124 


AAGACCU C ACCUAGA 


778 


GGAlA_AU U VAAJUAiU 


1129 


CDCACCU A GAAAUUG 


801 


CGAACAU C CAACCOU 


1135 


UAGAAAU U GACACAA 


808 


CCAACCU U CCCAAAC 


1151 


OGGACCU U AGGCCUU 


809 
820 


CAACCUU C CCAAACG 


1152 
1158 


GGACCUU A GGCCUUC 


AACGCCU C CCCU3CC 


UAGGCCU U COJCUCU 


833 


CCCGAA0 C COJUUA0- 


1159 


AGGCCUU C CUCUCUC 


837 


AADCCCU U UADCACC 


1162 


CCCDCCU C UCUCCAG 


838 
839 


ADCCCOU U AOUACCC 


1164 
1166 


uuccucu C CCCAGAU 


UCCCUUU A UUACCCC 


CCUCDCU C CAGAUGU 


841 


CCUUUAU U ACCCCCU 


1174 


CAGAUGU U UCCAGAC 


842 


CUOTAUU A CCCCCUC 


1175 . 


AGADGUU U CCAGACU 


849 


ACCCCCU C CUUCAGA 


1176 


GAUGUUU C CAGACUU 


852 


CCCTCCU U CAGACAC 


1183 


CCAGAOJ U CCUUGAG 


853 


CCttXUU C AGACACC 


1184 


CAGACUU C CUUGAGA 


863 


ACACCCU C AACCDCU 


1187 


ACUUCCU U GAGACAC 


869 


OCAACCU C UUCOQGC 


1208 


CAGCCCU C CCCAOGG 


871 


AACCDCU a C05GCUJ 


1224 


GCCAGCU C COTCUAU 


872 


ACCUCUU C OGGCOCA 


1228 


GCDCCCU C UAUUUAU 


878 


CCUGGCU C AAAAAGA 


1230 


UCCCUCU A UUUAUGU 


890 


AGAGAAtJ a GGGGGCU 


1232 


CCUCUAU U OADGUUU 


898 


GGGGGCU a AGGGUCG 


1233 


CUCUADU a ADGUUUG 


699 


GGGGCOU A GGGOCGG 


1234 


UCUAUUU A UGUUUGC 


904 


DUAGGGU C GGAACCC 


1238 


UUUAUGU U UGCACUU 


917 


CCAAGCU 0 AGAACUU 


1239 


UUAUGUU U GCACUUG 


918 


CAAGCUU A GAACDDU 


1245 


U0GCACU U GUGAUUA 


924 


UAGAACU a UAAGCAA 


1251 


UUGCGAU U AUUUAUU 


925 


AGAACUU U AAGCAAC 


1252 


UGOGAUU A UUUAUUA 


926 


GAACUUU A AGCAACA 


1254 


UGAUUAU U UAUUAUU 


945 


CACCACU a CGAAACC 


1255 


GAUUAUU U AUUAUUU 


946 


ACCACUU C GAAACCa 


1256 


AUUAUUU A UUADUUA 


959 


CUGGGAU U CAGGAAU 


1258 


UAUUUAU U AUUUAUU 
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1259 


ADUUAUU A UUUADUU 


1440 


1261 


UUADUAU 0 UAUUUAD 


1441 


1262 


OADUAUU 0 ADUUAUU 


1446 


1263 


ADUADUU A UUUAUUA 


1448 


1265 


UAUUUAU U UAUUADU 


1449 


1266 


ADUUALIU a ADUADUU 


1451 


1267 


UUUADUU A UUAUUUA 


1456 


1269 


UAUUUAU U ADUUAUU 


1457 


1270 


ADUUAUU A UUUALUU 


1461 


1272 


UUAUUAU U UAUUUAU 


1464 


1273 


UAUUAUU U ADUUAUU 


1466 


1274 


ADUADUU A UUUADUU 


1479 


1276 


UAUUUAU U UADUUAC 


1480 


1277 


ADUUAUU U ADUUACA 


1494 


1278 


UUUADUU A UUUACAG 


1498 


1280 


UAUUUAU U UACAGAU 


1501 


1281 


ADUUAUU U ACAGADG 


1512 


1282 


UUUADUU A CAGADGA 


1517 


1294 


USAADGU A UUUADUU 


1528 


1296 


AADGUAU U UADUUGG 


1533 


1297 


ADGUADU U ADUUGG3 


1537 


1298 


UGUADUU A UUUGGGA 


1540 


1300 


UAUUUAU U UGGGAGA 


1546 


1301 


ADUUAUU U GGGAGAC 


1549 


1315 


ccggggu a uccuggc; 


1551 


1317 


GGGGUAD C CUGQGGG 


1552 


1334 


CCAAD3U A GGAGCUG 


1566 


1345 


GCUGCCU U GGCUCAG 


1572 


13S0 


CUUGGCU C AGACADG 


1576 


1359 


GACAOGU U UUCOGUG 


1577 


1360 


ACAU3UU U UCOGUGA 




1361 


CADGUUU U COGUGAA 




1362 


AUGUUUU C OGUGAAA 





1386 GAACAAD A GGCUGUU 

1393 AGGCDGU U CCCADGU 

1394 GGCUGUU C CCADGUA 
1401 CCCADGU A GCCCCC U 
1414 CUGGCXU C UUA J UOJ 

1422 DGUGCCU U CUUUUGA 

1423 3CX5CCUU C UUUUGAU 

1425 - XUJUCU U UUGADUA 

1426 CCUUCUU U UGADUAU 

1427 CUUCUUU U GAUUAUG 

1431 1JUUU3AD U ADGUUUU 

1432 UUUGADU A UGUUUUU 

1436 JUJUADGU U UUUUAAA 

1437 15UADGUU U UUUAAAA 

1438 IIAUGUUU U UUAAAAD 
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UGUUUUU U AAAAUAU 
GUUUUUU A AAAUAUU 
UUAAAAU A UUAUCUG 
AAAAUAU U AUCUGAU 
AAAUAUU A UCUGAUU 
AUAUUAU C UGADUAA 
AUCUGAU U AAGOUGU 
UCUGADU A AGUUGUC 
ADUAAGU U GUCUAAA 
AAGUUGU C UAAACAA 
GUUGUCU A AACAAUG 
TOCCGAD U UGGCGAC 
GCCGAUU U GGCGACC 
CAACUGU C ACUCAUU 
CGUCACU C ADCGCUG 
CACUCAU U GCUGAGG 
GAGGCCT C UGCUCCC 
CUC03CU C CCCAGGG 
AGGGAGU U GCGCCUG 
GUUGUGU C UGUAADC 
UGUCUGU A AUCGGCC 
CUGUAAD C GGCCUAC 
UCGGCCU A CUADUCA* 
GCCUACU A UUCAGCG 
CUACUAU U CAGCGGC 
UACUAUU C AGCGGCG 
GAGAAAU A AAGGUUG 
UAAAGGU U GCUUAGG 
GGUG3CU U AGGAAAG 
GUUGCUU A GGAAAGA 
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Table 24: Human TNF-ot Hammerhead Ribozyme Sequences 



at . HH Ribozym« S«qu«nc« 

Position 

28 GGAAGAG CUGADGAGGCCGAAAGGCCGAA ACCUGCC 

29 AGGAAGA CUGADGAGGCCGAAAjQGCCGAA AACCUGC 
31 AGAGGAA CTOATOAGGCCGAAAGGCCGAA AGAACOJ 

33 CGAGAGG CTOAIX^GCCGAAAGGCrC^ AGAGAAC 

34 GUGAGAG CEGATCAGGCCGAAAGGCOGAA AAGAGAA 
37 UADSOGA CU3ADGAGGCCGAAAGGCCGAA AGGAAGA 
39 ASOADGU CDGATOAGGCCGAAAGGCCGAA AGAGGAA 
44 GGGOCAG CUGADGAGGCCGAAAGGCCGAA ADGUGAG 
58 GAGGGUG CTOATOAGGCCGAAAGGCCGAA AQCCGOG 
65 GGGGAGA CUGADGAGGCCGAAAGGCCGAA AGGGUGG 
67 CAGGGGA CUGADGAGGCCGAAAGGCCGAA AGAGGGU 
69 OOCAGGG CUGADGAGGCCGAAAGGCCGAA AGAGAGG 

106 UUUUUi COSAIX^GGCCGAAAGGCCGAA ADCADGC 

136 UCUTOGG CD3ADGAGGCCGAAAGGCCGAA AGCGCCU 

165 CCGCCUG CUGADGAGGCCGAAAGGCCGAA AGCCCUG 

177 GAGGAAC CIX3ADGAGGCCGAAAGGCCGAA AGCACCG 

130 GCTCAGG CUGAOSAGGCCGAAAGGCCGAA ACAAGCA 

181 GGCUGAG CUGATOAGGCCGAAAGGCCGAA AACAAGC 

184 AGAGGCU OTGAD3AGGCCGAAAGGCCGAA AGGAACA 

190 AGGAGAA CUGADGAGGCCGAAAGGCCGAA AGGCOGA 

192 GAAGGAG CUGADGAGGCCGAAAGGCCGAA AGAGGCU 

193 GGAAGGA CTGADGAGGCCGAAAGGCCGAA AAGAGGC 
195 CAGGAAG CDGAD3AGGCOGAAAGGCCGAA AGAAGAG 

198 GAOCAGG CUGADGAGGCCGAAAGGCCGAA AGGAGAA 

199 - CGADCAG OT^ADGAGGCCGAAAGGCCGAA AAGGAGA 
205 CDGCCAC CTOADGAGGCCGAAAGGCCGAA ADCAGGA 
226 GGCAGAA CU3AD3AGGCCGAAAGGCCGAA AGCGUGG 

228 CAGGCAG CUGATOAGGCCGAAAGGCCGAA AGAGCGU 

229 GCAGGCA CDGAD3AGGCCGAAAGGCOGAA AAGAGCG 

243 CACUCCA CUGAEGAGGCCGAAAGGCCGAA AGUGCAG 

244 UCACUCC CD3ADGAGGCOGAAAGGCCGAA AAGUGCA 
253 GG3GGCC CUGADGAGGCCGAAAGGCCGAA ADCACUC 
273 CCDGGGG COSAD3AGGCCGAAAGGCCGAA AC U C UU C 
286 UUAGAGA COTATOAGGCCGAAAGGCCGAA AGGUCCC 
288 GADUAGA OTGADGAGGCCGAAAGGCCGAA AGAGGUC 
290 CD3AD0A CUGADGAGGCCGAAAGGCCGAA AGAGAGG 
292 GGCDGAU OTGAD3AGGCCGAAAGGCXGAA AGAGAGA 
295 GAGGGOJ CUGAD3AGGCCGAAAGGCCGAA AUUAGAG 
302 UGGGCCA COSADGAGGCCGAAAGGCCGAA AGGGCUG 
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321 AGAAGAD CUGATOAGGCCGAAAGGCCGAA ADCUtlAC 

324 UCGAGAA CUGATOAGGCCGAAAGGCCGAA ATOAIICU 

326 GUUCGAG OX2ATOAGGCCGAAAGGCCGAA ASADC1A0 

327 GGUUCGA COGADGAGGCCGAAAGGCOGAA AAGAIGA 
329 GGGGUUC CUGADGAGGCCGAAAGGCCGAA AGAACAU 
352 CATOGGC CUGATOAGGCCGAAAGGCCGAA ACAGCCU 
361 UOGCUAC CUGATOAGGCCGAAAGGCCGAA ACADCGG 
364 GGUUU GC CUGAUGAGGCCGAAAGGCCGAA ACAAC'AU 
374 UCAGCUU CTOATOAGGCCGAAAGGCCGAA AGGXUU 
391 GCCACTO CUGATOAGGCCGAAAGGCCGAA AGCUCCC 
421 UG GC CAG CUGATOAGGCXGAAAGGCCGAA AGGGC'AU 
449 AGCUGGU CTOATOAGGCCGAAAGGCCGAA ADCUCUC 
468 GCCCCCU CUGATOAGGCCGAAAGGCCGAA ATOGCAC 
480 GATOAGG OXSADGAGGCCGAAAGGCCGAA AOGGCC 
484 AGGAGAI7 CUGATOAGGCCGAAAGGCCGAA AGGUACA 
487 GGGAGUA CTOAUGAGGCCGAAAGGCCGAA ATOAGGU 
489 CTOGGAG CUGATOAGGCCGAAAGGCCGAA AGATOAG 
492 GACCTOG CUGATOAGGCCGAAAGGCCGAA AGUAGM7 
499 UGAAGAG CUGADGAGGCOGAAAGGCCGAA AGCUG3G 
502 CCUUGAA CUGATOAGGCCGAAAGGCCGAA AGGACru 

504 GCCOJUG CUGATOAGGCCGAAAGGCCGAA agaggm: 

505 GGCCCUU CUGATOAGGCCGAAAGGCCGAA AAGAG3A 
525 ATOGGUG CDGATXSAGGCCGAAAGGCCGAA AGGGGZA 
538 GGGUGAG COGAOSAGGCCGAAAGGCCGAA AGCACUJ 
541 UGOGGGU CUGATOAGGCCGAAAGGCCGAA AGGAG1A 
553 UGCGGCU CUGADGAGGCCGAAAGGCCGAA ADQOTjO 

562 AGACGGC CUGATOAGGCCGAAAGGCCGAA ADGCG3C 

563 GGUAGGA OX3ATOAGGCCGAAAGGCCGAA ACGG03A 
570 CUGGUAG CUGATOAGGCCGAAAGGCCGAA AGACGC5C 
573 GGUCUGG CUGATOAGGCCGAAAGGCCGAA AGGAGi^C 
586 GGAGGUU CUGATOAGGCCGAAAGGCCGAA ACCUUCJG 
592 GAGAGAG CUGATOAGGCCGAAAGGCCGAA AGGUttSA 
595 UGGCAGA CUGATOAGGCCGAAAGGCCGAA AGGAGCKJ 
597 GADGGCA CUGATOAGGCCGAAAGGCCGAA AGftGGJuG 
604 GGCUCUU CUGATOAGGCCGAAAGGCCGAA ATOGdiG 
657 GGGCUCA OTGATOAGGCCGAAAGGCCGAA ACCAGCJG 
667 CCAGAUA CUGATOAGGCCGAAAGGCCGAA ADGGGCU 
669 UCCCAGA CUGADGAGGCCGAAAGGCCGAA AGADGCiG 
671 CCDCCCA CUGADGAGGCCGAAAGGCCGAA ADAGAIG 
682 GCUGGAA CUGATOAGGCCGAAAGGCCGAA ACCCCtC 

684 CAGCOGG CTOADGAGGCCGAAAGGOCGAA AGACCCC 

685 CCAGCTO CUGATOAGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGCU CUGATOAGGCCGAAAGGCCGAA AGUCGCU 
721 GCCGADU CUGATOAGGCCGAAAGGCCGAA ADCUO.G 
725 UCGGGCC CUGATOAGGCCGAAAGGCCGAA ABUGAEC 
735 GUCGAGA CUGATOAGGCCGAAAGGCCGAA AGUCGGG 
737 AAGCCGA CUGATOAGGCCGAAAGGCCGAA AUAGUCG 
739 CAAAGUC CUGATOAGGCCGAAAGGCCGAA AGADAGO 
744 CUCGGCA CUGATOAGGCCGAAAGGCCGAA AGUCGflG 
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745 ACDCGGC CUGAD3AGGCCGAAAGGCCGAA AAGDCGA 

753 CDGCCCA C0GAD3AGGCCGAAAGGCCGAA ACDCGGC 

763 CAAACUA CDGADGAGGCCGAAAGGCCGAA ACCOGCC 

765 CCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCDG 

768 GAUCCCA CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

769 DGADCCC COGADGAGGCXGAAAGGCCGAA AAGUAGA 
775 GGGCAAD CDSAD3AGGCCGAAAGGCCGAA AECCCAA 
778 ACAGGGC CD3AD3AGGCCGAAAGGCCGAA AEGADCC 
801 AAGGUTO OJ3ADGAGGCCGAAAGGCCGAA ADGUUCG 

808 OJUUU*i CDGADGAGGCCGAAAGGCCGAA AGGOOGG 

809 CGUUUGG OXSADGAGGCa^AAGGCCGAA AAGGODG 
820 GGCAGGG CDGADGAGGCCGAAAGGCCGAA AGGCGDU 
833 ADAAAGG CDGADGAGGCCGAAAGGCCGAA AOTGGGG 
637 GGUAACA CDGADGAGGCCGAAAGGCCGAA AGGGADU 

838 GGGUAA0 CDGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGGAA CDGADGAGGCCGAAAGGCCGAA AAAGGGA 
841 AGSGGGO OXSADGAGGCCGAAAGGCCGAA AEAAAGG 
642 GAGGGG G CDGADGAGGCCGAAAGGCCGAA AADAAAG 
849 DCDGAAG CDGADGAGGCCGAAAGGCCGAA AGGGGGO 

852 GOGOCDG CDGADGAC»XGAAAGGCCGAA AGGAGGG 

853 GGUGUCU CDGATOAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGUU CTGADGAGGCCGAAAGGCCGAA AGGGOG U 
869 GCCAGAA CDGADGAGGCCGAAAGGCCGAA AGGODGA 

871 GAGCCAG COGADGAGGCOSAAAGGCCGAA AGAGGUU 

872 DGAGCCA CUGADSAGGCCGAAAGGCCGAA AAGAGGU 
878 UOJUUUU CDGADGAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC CDGADGAGGCCGAAAGGCCGAA AUUCUCU 

898 CGACCCU CDGADGAGGCCGAAAGGCCGAA AGCCCCC 

899 CCGACCC CDGADGAGGCCGAAAGGCCGAA AAGCCCC 
904 UiQJUCC CDGADGAGGCCGAAAGGCCGAA A CCCUA A 

917 AAGCDCU CUGAOGAGGCCGAAAGGCCGAA AGCOOGG 

918 AAAGUDC CDGADGAGGCCGAAAGGCCGAA AAGCUDG 

924 UUUCUUA CDGADGAGGCCGAAAGGCCGAA AGUUCUA 

925 GUOGCUU CDGADGAGGCCGAAAGGCCGAA AAGUUCU 

926 UUUUUCU CDGADGAGGCCGAAAGGCCGAA AAAGUDC 

945 GGDDUCG CDGADGAGGCCGAAAGGCCGAA AGDGGCG 

946 AGGUUUC CDGADGAGGCCGAAAGGCCGAA AAGDGGD 

959 ADOCCOG CDGADGAGGCX^JU^GGCCGAA ADCCCAG 

960 CADOCCU CDGADGAGGCCGAAAGGCCGAA AADCCCA 
1001 GAADDCU OXSADGAGGCCGAAAGGCCGAA AG D GG UU 

1007 CAGDUDG CDGADGAGGCCGAAAGGCCGAA AUUCUUA 

1008 CCAGUDD CDGADGAGGCCGAAAGGCCGAA AADDCUU 
1021 AGUUCU3 CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
1029 CCCCAGD CDGADGAGGCCGAAAGGCCGAA AGDUCDG 
1040 AAAGCDG CDGADGAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGADCA CDGADGAGGCCGAAAGGCCGAA AGCUGDA 

1047 AGGGADC CDGADGAGGCCGAAAGGCCGAA AAGCDGU 
1051 UGUCAGG CDGADGAGGCCGAAAGGCCGAA ADCAAAG 
1060 GADUCCA CDGADGAGGCCGAAAGGCCGAA AUGDCAG 
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1067 GCCUCCA CUGAD3AGGCCGAAAGGCCGAA AUCCCAG 

1085 AGAACCA aXSATOAGGCXGAAAGGCrGAA AGGCUCC 

108* CAGAACC CUGADSAGGCCGAAAGGCCGAA AAGGCUC 

1090 UGGCCAG CUGAD3AGGCCGAAAGGCCGAA ACCAAAG 

1091 CUGGCCA OTGAUGAGGCXGAAAGGCCGAA AACCAAA 
1113 UCUUCUC CUGAU3AGGCCGAAAGGCCGAA AGUCCUG 
1124 UCUAGGU CTOATOAGGCCGAAAGGCCGAA AGGUC U U 
1129 CAADUUC CUGAB3AGGCCGAAAGGCCGAA AGGUGAG 
1135 UUGUGUC CUGADGAGGCCGAAAGGCCGAA AUUU C UA 

1151 AAGGCCU CBGAIJ3AGGCCGAAAGGCCGAA AGG0CCA 

1152 GAAGGCC OXS0GAGGCCGAAAG3CCGAA AAGGUCC 

1158 AGAGAGS C03AIX3AGGCCGAAAGGCCGAA AGGCCUA 

1159 GAGAGAG CTGADGAGGCCGAAAGGCCGAA AAGGCCU 
1162 CDGGAGA C0GAD3AGGCCGAAAGGCCGAA AGGAAGG 
1164 AOCUGGA C9SAU3AGGCCGAAAGGC0GAA AGAGGAA 
1166 ACADCOT CUGADGAGGCCGAAAGGCCGAA AGAGAGG 
1174 GOOT3GA CUGAOGAGGCCGAAAGGCCGAA ACAUCUG 
U75 AGUCBSG OT3AIXSAGGCCGAAAGGCCGAA AACADCU 
1176 AAGDCOS CUGAD3AGGCCGAAAGGCCGAA AAACABC 

1183 CKAAGG CU3AD5AGGCCGAAAGSGCGAA AGUCUGG 

1184 UCUCAAG CUGAOGAGGCCGAAAGGCCGAA AAGDCDG 
1187 GOSUCUC COGAOGAGGCCGAAAGGCCGAA AGGAAGU 
1208 CCATOGG CTOATOAGGCXGAAAGGCCGAA AGGGCUG 
1224 AQAGAGG CU3AQ3AGGCCGAAAGGCCGAA AGC0GGC 
1228 AUAAAUA CUGATOAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACAUAAA COGAD3AGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACAIIA OTAIX3AGGCCGAAAGGCCGAA ADAGAGG 

1233 CAAACAD CTOAOSAGGCCGAAAGGCCGAA AAUAGAG 

1234 GCAAACA C0GAIJ3AGGCCGAAAGGCGGAA. AAADAGA 

1238 AAGCGCA CUGAOGAGGCCGAAAGGCCGAA ACAUAAA 

1239 CAAGUGC OXSAOSAGGCCGAAAGGCCGAA AACADAA 
1245 UAAUCAC OT3AU3AGGCCGAAAGGCCGAA AGUGCAA 

1251 AAUAAAU CCX2A03AGGCCGAAAGGCCGAA ADCACAA 

1252 OAAUAAA OTA03AGGCCGAAAGGCCGAA AAUCACA 

1254 AADAAUA OX5ADGAGGCCGAAAGGCOGAA AUAADCA 

1255 AAAUAAU OXaiXjAGGCCGWUGGCXGA^ AAUAADC 

1256 UAAAUAA CDGAOSAGGCCGAAAGGCOGAA AAAUAAU 

1258 AAUAAAU CUSADSAGGCCGAAAGGCOGAA. AUAAAUA 

1259 AAADAAA CCXSATOAGGCCGAAAGGCCGAA AAUAAAU 

1261 AOAAADA CTOAD3AGGCCGAAAGGCOGAA. AUAAUAA 

1262 AAUAAAU CUGAO3AGG0CGAAAGGCCGAA AAUAAUA 

1263 UAAUAAA CtXSAOSAGGCCGAAAGGOOGAA AAAUAAU 

1265 AAUAAUA CUSADGAGGCCGAAAGGCGGAA AUAAAUA 

1266 AAADAAU CUGATCAGGCCGAAAGGCCGAA AAUAAAU 

1267 UAAAUAA OTGAU3AGGCOGAAAGGCCGAA AAAUAAA 

1269 AAUAAAU OX3ADGAGGCCGAAAGGCCGAA AUAAAUA 

1270 AAADAAA CUGAD3AGGCCGAAAG3CCGAA AAUAAAU 

1272 AUAAAUA CUGAD3AGGCCGAAAGGCCGAA AUAAUAA 

1273 AAUAAAU CUGAD3AGGCCGAAAGGCCGAA AAUAAUA 
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1274 AAADAAA CDGADGAGGCCGAAAGGCCGAA AAADAAU 

1276 GUAAADA CDGADGAGGCCGAAAGGCCGAA ADAAADA 

1277 DGDAAAD OJGADGAGGCCGAAAGGCCGAA AADAAAD 

1278 CDGDAAA CDGAQ3AGGCCGAAAGGCCGAA AAADAAA 

1280 AOCDGUA COTADGAGGCCGAAAGGCCGAA ADAAADA 

1281 CADCDGD CDGADGAGGCCGAAAGGCCGAA AADAAAD 

1282 D CA DC D G CUGATOAGGCCGAAAGGCCGAA AAADAAA 
1294 AAADAAA COGADGAGGCCGAAAGGCCGAA ACADDCA 

1296 CCAAADA CDGADGAGGCCGAAAGGCCGAA ADACADU 

1297 CCCAAAD CDGADGAGGCCGAAAGGCCGAA AADACAU 

1298 DCCCAAA CTOACGAGGCCGAAAGGCCGAA AAADACA 

1300 UCUCCCA CUSAXXjAGGCCGAAAGGCGGAA ADAAADA 

1301 GDC J CC C CEX2AOSAGGCCGAAAGGCCGAA AADAAAU 
1315 CCCAGGA CDGADGAGGCCGAAAGGCCGAA ACOCCGG 
1317 CCCCCAG CDGADGAGGCCGAAAGGCCGAA AUACCCC 
1334 CAGCOCC CDGADGAGGCCGAAAGGCCGAA ACADOGG 
1345 CCGAGCC COGAPGAGGCCGAAAG GG C G AA AGGCAGC 
1350 CADG D CD CDGADGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA CDGAD5AGGCCGAAAGGCCGAA ACADOTC 

1360 DCACGGA CDGADGAGGCCGAAAGGCCGAA AACADGD 

1361 DDCACGG COGAOTAGGCCGAAAGGCCGAA AAACADG 

1362 DDDCACG CDGADGAGGCCGAAAGGCCGAA AAAACAD 
1386 AACAGCC CIJSADGAGGCCGAAAGGCCGAA AUUGUUC 

1393 ACADGGG COGADGAGGCCGAAAGGCCGAA ACAGCCD 

1394 DACADGG C0GAD3AGGCCGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CDGADGAGGCCGAAAGGCCGAA ACADGGG 
1414 AGGCACA CDGADGAGGCCGAAAGGCCGAA AGGCCAG 

1422 DCAAAAG CDGADGAGGCCGAAAGGCCGAA AGGCACA 

1423 ADGAAAA C0GAD3AGGCCGAAAGGCCGAA AAGGCAC 

1425 DAADCAA CDGAD3AGGCCGAAAGGCCGAA AGAAGGC 

1426 ADAADCA C0GAO3AGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAADC CDGAD3AGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAD CIX5ADGAGGCCGAAAGGCCGAA ADCAAAA 

1432 AAAAACA CDGADGAGGCCGAAAGGCCGAA AADCAAA 

1436 DOUAAAA CDGADGAGGCCGAAAGGCCGAA ACADAAD 

1437 UUUUAAA CDGADGAGGCCGAAAGGCCGAA AACADAA 

1438 ADDOUAA CDGADGAGGCCGAAAGGCCGAA AAACADA 

1439 UAJLJUUUA CDGAD3AGGCCGAAAGGCCGAA AAAACAD 

1440 ADADDOD CDSAD3AGGCCGAAAGGCCGAA AAAAACA 

1441 AADADDU CDGADGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGADAA 03GACGAGGCCGAAAGGCCGAA AUUUUA A 

1448 ADGAGAD CDGAD3AGGCOGAAAGGCCGAA ADADDOD 

1449 AADCAGA C0GAD3AGGCOSAAAGGCCGAA AAQADOO 
1451 DUAADCA COGADGAGGCCGAAAGGCCGAA ADAADA0 

1456 ACAACOO COGADGAGGCCGAAAGGCCGAA ADCAGAD 

1457 GACAACU COGADGAGGCCGAAAGGCCGAA AADCAGA 
1461 ODDAGAC CDGADGAGGCCGAAAGGCCGAA ACDUAAD 
1464 DDGDUDA CDGADGAGGCCGAAAGGCCGAA ACAACDD 
1466 CADDGDD CDGADGAGGCCGAAAGGCCGAA AGACAAC 
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1479 GUCACCA CUGADGAGGCCGAAAGGCCGAA ADCAGCA 

1480 GGUCACC CUGADGAGGCCGAAAGGCCGAA AADCAGC 
1494 AADGAGO CUGADGAGGCCGAAAGGCCGAA ACAGUUG 
1498 CAGCAAU CUGADGAGGCCGAAAGGCCGAA AGUGACA 
1501 CCOCAGC CUGADGAGGCCGAAAGGCCGAA ADGAGUG 
1512 GGGAGCA CUGADGAGGCCGAAAGGCCGAA AGGCCUC 
1517 CCCDGGG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 
1528 CAGACAC CUGADGAGGCCGAAAGGCCGAA ACUCCCU 
1533 GADUACA COGADSAGGCCGAAAGGCCGAA ACACAAC 
1537 G GC C G AD CUGADGAGGCCGAAAGGCCGAA ACAGACA 
1540 GDAGGCC CUGADGAGGCCGAAAGGCCGAA AXJUACAG 
154$ UGAADAG CUGADGAGGCCGAAAGGCCGAA AGGCCGA 
1549 CACUGAA CUGADGAGGCCGAAAGGCCGAA AGGAGGC 

1551 GCCACUG CUGADGAGGCCGAAAGGCCGAA ADAGUAG 

1552 CGCCACU CUGADGAGGCCGAAAGGCCGAA AAHAGUA 
1S66 CAACCUU OX3UJGAGGCCGAAAGGCCGAA ADUUCUC 
1572 CCOAAGC CTOADGAGGCCGAAAGGCCGAA A CCUUJA 

1576 CUUCCCU CTOADGAGGCCGAAAGGCCGAA AGCAACC 

1577 UCUUUCC CUGADGAGGCCGAAAGGCCGAA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 



PCI7IB95/00156 



at • 
Position 



HH Target 3«qutAc« 



nt. 
Position 



HH Target Saqu«ac« 



66 


UgGAAAU a GcucCeA 


324 


101 


GGCAGGU U OJgPoCC 


347 


101 


GSCAGgU u CuCOccC 


364 


102 


GCAGGCJU C UgOcCOT 


366 


102 


gCAGgOU c ugoccca 


366 


106 


GUUCUgU c 0071:001 


369 


no 


n^nr-rrrT ii nraoirA 


376 


111 


gUCcCOU u CaCOCAC 


390 


111 


guCCCutJ u GACuCAc 


396 


112 


nr-orTk]rr r ATucAOT 


401 


116 


UUOCACD C AcOSgce 


404 


137 


GCCaCAU C uCCcOCc 


406 


139 


caCAuCU C CCDCcAff 




177 


GCADGA0 C OGcGACG 


%w / 


207 


AGGCaCT C CCCeAaA 


409 


228 


QGSGClltJ C CAGAAffl 




228 


GGGGCuCT e C3VfiMrfT 


%U9 


236 


CAGaaOJ c QGanrr? 




236 


CAGaACO e cAGacfio' 




249 


GGllflCCU a OcOCTJeJt 




249 


GGuGCCU a UGudQCa 


AAA 






501 


261 


DCAGCCU C ULiLifun 


5ffO 


261 


OCAflCUJ C DCCDcau 


560 


263 


AGCCUOJ 0 COCaDUC 




263 


AgCCOCU U CUcauDC 


567 


264 


GCOJOJU C DCaDDCC 


569 


264 


gCCUCUU C UcauOCc 


572 


266 


COCOUCa C aOTCCOG 


572 


269 


OTOTCaU U CCOGcDti 


572 


270 


UCOCaUU C CDGcOuG 


579 


276 


UCCOGcCJ U G0GGCAG 


580 


297 


CCACGCU C OOCDSuC 


580 


299 


ACGCIXJU a CDGuCDa 


582 


300 


CGCUCUU C UGuCCJaC 


582 


304 


CUuCUgU c uAcOGaa 


584 


306 


UcDGUcU a cOgAAcO 


585 


314 


COGaAOJ U cGGgGOG 


608 


315 


UGaACUU c 


615 


315 


uGaaCUU c GGGguGa 


615 


324 


gGGCGaU c GgOOCcC 


618 



GgGOGAD 
GAGAagU 
CCOCcCD 
ECcCOCU 

Uccccca 

CDCUcAU 

avouuca 
AgACCca 
ucaCAca 
cOCAGAIJ 
AGADCAU 
ADCAUCU 
ATJcAOcU 
UCAU.UU 

Ajucrocu 

AuCuuCU 
aUcOTcU 
A GC CP CTJ 



GGUCCCC 

cCCAaaO 

OcAOCAG 

ADCAGuu 

auCAGuU 

AGuuCtJa 

0GGCCCA 

AcaCOcA 

AGADCA0 

APOAJCU 

OUOTCaA 

OTCaAAa 

cUcaAAA 

UCaAAau 

aAAauuC 

AaAADOC 

AAAauUc 

GCCCAcG 



AcGOcGU 
AcGCCCU 

GGguOGU 
OGUACOJ 
ACCUugCJ 
OTugOCU 

gocaACu 

GOCOaCU 
GuCOacO 
CCCAGGU 
CCAGguU 
CCaGGuU 
AGGUUCU 
AGGOuCU 
GOUCUOT 
UuCOCUU 
CcCGaCU 
aCgUGcU 
AcGOGCU 

oscocca 



GCAAACC 
CDGGCCA 
CCUaguC 
CCUUgOC 
gOCtJACU 
UACUCCC 
CDCCCAG 
CCAGGUu 
CCAGguu 
CCAgGUu 
CDCOTCA 
uCUUcAa 
UCuUcaa 
OTCaagg 
OTCAAGG 
CAAGGGa 
AAGGGaC 
CgugCOC 
CUCAcCC 
CUCACCC 
ACCCACA 
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O JU 




530 


ACACCgU C AgCCgaU 


638 




643 


A I TT TT Bf V*rT a n^Tl>*&iil 

auuwuwu a uIvUCAUa 


645 




647 




663 


aoA&aGU C JUUtlU *t ■ 


wOJ 




669 


wQUlCCw C wwCwWWSj 


0 /.£ 


AUUUUUU I. UUM»ug 


C7A 




6fl1 


ciAjcugu c Aagatscw 


001 


UAjCwgU C AAGAGCU 


001 


WJGCCgU C UGA£Cw 


71 A 








744 




746 




759 




759 






VMWAA.U U Wk_/UjkJJkj> 


762 


SNWVA>UU V» V^WjVwUsjnj 


786 


>»- UUVLU v., Ak»UjwU^9 


7Qfl 




807 


WgUW-AAU C UCWUCAA 


812 


OOP* ^/tTT & •fT«^*^ ^ 


816 




821 


UUauAUJ U VAjCQvaAQ 


822 


UflunLUU U vjCgtjtfUav 


830 




640 




842 






t JtPT * ^TflT^ ta^^% 

wUigUCU A CUUUQCjA 


842 


^ ■ i i^^i *^™tt a 1 rrrrn. 'x 


845 


VlU^UALw U Uu(*agUW 




0CUACUU U GGagOCA 




umsGagU C AUTCCuC 


ass 


GayUCAU U GCuCUGU 


887 


AUWU&UU C UCttftUWW 


891 




905 




905 




905 


CcCCACC c uGAccCC 


914 


GAcCCcU U uacCCUG 


915 


ACCCCuU u acDCuGA 


919 


CUUUAcU c ugaCCcC 


928 


GACCcCU u UaUugOC 


928 


gAcCCCU U OAOqguC 


932 


CCUOUAU U guCuaOJ 





GuCUACU c cUCAGaG 


943 


uACUccu C AGaGcCc 


972 


OCUaaCCT u AgAAAGg 


972 


ucUaaCU u AGAaAgG 


973 


cuaACuu A GAAAggG 




AGgGgAU u auGGcuc 


984 


A«j5ga.u u auGgCUc 


985 


GGGGauU a uGGcUCa 




UCAGAgCJ c CAACUCU 




CuguGCU c AGAgCUU 




cAGAgCU U UcAaCAA 




AGAgCCU U cAaCAAC 




GAgCUUU c AaCAACu 




ugw^wJ c ucAUgCA 


1 09fi 


AASgAcu C AAAugGG 




aCGGGcU U uccGAAU 


1 1 07 


UvamCUU u ccGAAUU 


11 Oft 


GGgCuCTU c cG&aUOC 


1115 


CCviAAuu C ACuGGaG 


1 1 

■■JJ 


CGAAugU C CAuuCcU 


1 1 £4 


gagOGga c AgGUDGc 


1 180 


ucugucu c agaADGA 




aaGAuCU c AGGCCUU 


1 71 rt 


cAuciCuu rj CCTacCT 


1211 
-a 11 


AGvjCCw C CTacCUu 


^21 4 


CCUCCCU a cCTUCAG 


1 71 ft 


CcuACcQ u CaGACCu 


12^ 9 


ccuaccu u CAGACcu 




cCuACcCJ u cAgACCU 


171 ft 


CCUacCU u CAGAccU 


T 71 Q 


CuaCCTJU C AGACcuu 


1 71 O 

1/17 


CiAcOJU c agACcUU 


1 77 C 


CagACCU U uCCAgAC 


1 77lC 


CAGAccU V CCCAGAC 


1 777 
■*ai / 


agACCUU u CCAgACu 


1 777 


AGAccUU U CCAGACU 


1 770 


GAccUUU C CAGACUc 




SACUCuU c cCUGAGG 




CAGCCuU C CuCAcaG 




COCCccU C uaUUUAU 


1 7flT 


CCcCCCU C UAUUUAU 


1285 


cuuajuwu A UUUAUaU 


1287 


CcuCUAU u UauAuUU 


1287 


CCUCUAU U UAUaUUU 


1288 


CUCUAUU U AUaUUUG 


1289 


UCUACUU A UaUUUGC 


1293 


UUUAUaU U UGCACUU 


1293 


uUUaOaU u UGcAcUu 


1294 


UUAUaUU U GCACUUa 
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1300 


UUGCACU U aUuAUUu 


1462 


i iai 

1303 


CAcuUaU u AuUUAIJU 


1 il*?A 

1470 


1304 


acUuADU A uuuauua 


1472 


^ ia^ 
1306 


UUAijuaD U UADUAJOU 


1 ,4*91 

1473 


1307 


uAuuaUU U Auuauuu 


1 4*7 A 

1474 


1 1 A*T 

1307 


UaUUAUU U AUUAUVUJ 


147 o 


1 IAD 


Auuauuu A uuauUua 


1479 


1 11 A 


UauUUAU U AUUUAJUU 


X4 /? 


1310 


UAUUUAU U AUUUAUU 


1 AQA 
X404 


1 11 A 

1310 


^^^k^^ff^FTft TT TT ftTTF^H^fc\T^*T 

UAUUUAU U AUUUAUU 


14? 0 


1311 


Auuuauu A UUUAUUU 


1511 


1311 


AUUUAUU A uuuauuu 


1 CI A 

1514 


i ii i 
1311 


auuuauu a uuuauuu 


i C7 e 
1510 


1313 


UUAUUAJU U UAUUUAU 


1 CIO 

1529 


1111 
1313 


uuauuaU U UAUUUAU 


i e*ia 
1529 


1111 
1313 


UUAUUAU U UAUUUAU 


1 CIA 

1530 


1 11 A 

1314 


UAUUAUU U AUUUAUU 


1 CIA 

1530 


1314 


UAuuaUU U AUUUAUU 


1563 


i n e 
1315 


AUUAUUU A UUUAUUA 


1563 


1 n *r 
1317 


UAUUUAU U UAUUAUU 


1568 


1318 


AUUUAUU U AUUAUUU 


1589 


1 1 ^ A 

1319 


UUUAUUU A UUAUUUA 


1592 


1 11£ 

1326 


AUUAUUU A UUUAUUU 


1617 


1328 


UAUUUAU U UAUUUgC 


1623 


1329 


AUUUAUU U AUUUgCu 


1633 


1330 


UUUAUUU A UUUgCuu 


25 


i in 
1332 


UAUUUAU U UgCuuAU 




XJ J J 


AUUUAUU U gvUUALAy 




XJ J / 


auUOGCU U AuGAAuG 




1 11 o 

1338 


uUUGCUU A uGAAuGu 




1J40 


OGAAIajU A UUUAUUU 




1348 


AADGUAU U UAUUUGG 




1349 


ADGQAUU U AUUUGGa 




1 1 KA 

1350 


0GUAUUU A UUUGGaA 




1352 


UAUUUAU u UGSaAGG 




1352 


UAUUUAU U UGGaAGg 




1 1 CI 

1353 


AUUUAUU U GGaAGgC 




1 1 CQ 

1369 


GSGGOgU C CUGG&GG 




1 1 AS 

1398 


gCDguCU U cAGACAg 




1398 


GCCXSuCU U cagaCAG 




1412 


GACADGU U UUCuGUG 




1413 


ACADGUU U UCuGUGA 




1414 


CADGUUU U CuGUGAA 




1415 


AUGUUUU C uGUGAAA 




1415 


AUGUUUU c OgugAaA 




1438 


gaGCOGU c CCCAccU 




1451 


CUGGCCU C UcUaCCU 




1453 


ggCCUCU C UaCCuUG 





aCCuUGU u GCCuCCU 
GccuCcU C UUUUGcU 
CUCcUCU U UUGCUUA 
uCcUCUU U UGcUUAU 
CcUCUUU U GcUUAUG 
UUUUGcU U AUGUUUa 
UUOGcUU & UGuuuAa 
UUUGcUU A UGUUUaa 
UUAUGUU U aaaAcAA 
AAAuauU U ADCUaAc 
AcccAaXT U GUCUuAA 
cAaUUGU C UuAAuAA 
aUUGUCU u AAuAAcG 
CgcugAU u UGGuGAC 
cGCUGAU U UGGUGAC 
gCUGADU u gGOgacC 
GCUGADU U GGUGACC 
TJgaAcCU c UGeUCCC 
ugaaCCU C UGCUCCC 
CUCUGCU C CCCAcGG 
UGaCUGU A AUuGcCC 
OJGUAAU u GcCCUAC 
GAGAAAU A AAGaUcG 
UAAAGaU c GCUUAaa. 
UUAaa&U a aaAAaCC 
AgGgaCU a gCCagGA 
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Table 26: Mouse TNF-c Hammerhead Ribozyme Sequences 



at. Mouse KB Ribozyme Sequence 

Position 

25 UCCCGGC COGAOGAGGCCGAAAGGCCGAA AGUCCCO 

oo GGGGAGC COGAOGAGGCCGAAAGGCCGAA ADOOCCA 

101 GGGACAG COGACGAGGCC3AAAGGC0GAA ACCOGCC 

1C2 AGGGACA COGAOGAGGCCGAAAGGCCGAA AACCOGC 

102 AGGGACA COGAOGAGGCCGAAAGGCCGAA AACCOGC 
106 OGAAAGG COGAOGAGGCCGAAAGGCCGAA ACAGAAC 

110 GGAGOGA COGACGAGGCOGAAAGGCCGAA AGGGACA 

111 GCGAGOG COGAOGAGGCCGAAAGGCCGAA AAGGGAC 

111 GOGAGOG COGAOGAGGCCGAAAGGCCGAA AAGGGAC 

112 AGGGAGU eOGADGAGGCCGAAAG GO O G AA AAAGGGA 
115 GGCCAGU COGADGAGGCCGAAAGGOOGAA AGOGAAA 
137 GSAGGGA COGAOGAGGCCGAAAGGCCGAA ADCOGGC 
139 CCGGAGG COGAOGAGGCCGAAAGGCCGAA AGADGCG 
177 CGCCGCG COGAOGAGGCCGAAAGGCCGAA AOCADGC 
207 OOGGGGG OX»DGAGGCCGAAAGGCaGAA AGOGCCU 
228 AGwUCUG COGAOGAGGCCGAAAGGCCGAA AAGCCCC 
228 AGCUCOG COGAOGAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGCCOG C0GADGAGSCCGAAAG3CCGAA AGUUCOG 
236 CCGCCOG COGAOGAGGCCGAAAGGCCGAA AGOOCOG 
249 CGAGACA COGAOGAGGCCGAAAGGCCGAA AGGCACC 
249 CGAGACA COGAOGAGGCCGAAAGGCCGAA AGGCACC 

261 AOGAGAA COGAOGAGGCCGAAAGGCCGAA AGGCOGA 

261 AOGAGAA aXSADGAGGCCGAAAGGCCGAA AGGCOGA 

263 GAAOGAG COGAOGAGGCCGAAAGGCCGAA AGAGGCO 

263 GAAOGAG Q JG A DGAGGCCGAAAGGCOGAA AGAGGCO 

264 GGAADGA COGAOGAGGCCGAAAGGCCGAA AAGAGGC 
264 GGAADGA CXXSADGAGGCCGAAAGGCCGAA AAGAGGC 
26c CAGSAA0 COGAOGAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG COGADGA GG CC GA AAQGOCGAA AOGAGAA 

270 CAAGCAG COGAOGAGGCCGAAAGGCCGAA AAOGAGA 
276 COGCCAC COGAOGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA COGAOGAGGCCGAAAGGCCGAA AGCGOGG 

299 OAGACAG COGAOGAGGCCGAAAGGCCGAA AGAGCGO 

300 GOAGACA COGAOGAGGCCGAAAGGCCGAA AAGAGCG 
304 OOCAGGA COGAOGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGCOCAG COGAOGAGGCCGAAAG GC CGAA AGACAGA 

314 CA CCCCG COGAOGAGGCCGAAAGGCCGAA AGOOCAG 

315 UCACCCC COGAOGAGGCCGAAAGGCCGAA AAGOOCA 
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315 CCACCCC COGADGAGGCOGAAAGGCCGAA AAGOTCA 

324 GG3GACC CUGADGAGGCCGAAAGGCCGAA ADCACCC 

324 G3GGACC aXMGAGCXXGAAAGGCOSAA ADCACCC 

347 ADTOGGG CCGAOSAGGCCGAAAGGCCGAA ACUUCCC 

364 CUGADGA CUC^OSAGGCCGAAAGGCCGAA AGGGAGG 

366 AACOGAU CCGAUGAGGCCGAAAG3CCGAA AGAGGGA 

366 AACOGAU COGADGAGGCOGAAAGGCCGAA AGAGGGA 

369 OAGAACU CCGADGAGGCCGAAAGGCCGAA ADCAGAG 

376 U GGGC CA CTGADGAGGCCGAAAGGCCSAA AGAACSG 

390 OGAGCGa CT3ADGAGGCCGAAAG3CCGAA ACS SUOJ 

396 ADGADCT COGADSAGQ CC GAAAGGC C GAA AGCGGGA 

401 AGAAGA0 CaSVIXSUSGCCSUUUSSCCG^ ADCCGAG 

404 OTGAGAA OT3AOSAG3CC3AAAG3CC3AA AUGALCJ 

406 UUUUG AG OTSAD3AGGCCGAAAGGCCSAA AGADGAU 

406 UUUUGAG COGADGAGGCOGAAAGGCCGAA AGACGAD 

407 A0U0UGA CXXHUXSAGGCCSAAAGGCCGAA AAGAUGA 
409 GAADOOU C0GADGAGGCOSLAAG3CCGAA AfiAAGAU 
409 GAADOUO COGADGAGGCCGAAAGGCCGAA. AGAAGAU 
409 GAADOOU COGADGAGGCCGAAAGGCCGAA. AGAAGAD 
432 OGO GGGC COGADGAGGCCGAAAGGCCGAA AOGGCO 

444 GGCCOGC C0GAIX3AGGCOSAAAGGCCGAA ACGACSO 

501 CGGCCAG aXSACTSAGGCCGAAAGGCCGAA, AG3GCG0 

560 GACAAGG C3SAD5AG5CCGAAAGSCQGAA ACAACCC 

560 GACAAGG CTGAIX»GGCeGAAAGGCCGAA ACAACCC 

564 AGOAGAC COGAP5AG GC C 5A AAGGCCGAA. AGSUACA 

567 GGGAGUA COGA&GAGGCCGAAAGGCOGAA ACAAGGO 

569 COGGGAG OTGADGAGGCCGAAAGKTGAA AGACAAG 

572 AACCOGG COGADGAGGCCGAAAGGCCGAA, AGOAGAC 

572 AACCOGG OraUXSAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCOGG CDSAOSAGGCCGAAAGGCCGAA AGUAGAC 

579 DSAAGAG CRSAXXjAGGCCGAAAGGCCGAA ACC0GGG 
530 OOGAAGA CPGAP5AGGCOGAAAG3CCGAA, AACCOGG 

580 OOGAAGA CTGA0GAGGCO3AAAGGCCGAA AACCOGG 
532 CCOOGAA COGADGAGQCCGAAAQGCCGAJl AGAACCU 
582 CCODGAA COSAD3AG GC CG A AAGGCCGAA AGAACCU 
534 UUXUDG COGADGAgXOSAAAGgCCGAA AGAGAAC 
585 GUCCCUU OWADGAGGCCGAAAGGCCGAA. AAGAGAA 
608 GAGCACG OXSAIXSAGSCCGAAAGGCCGAA AGUCGGG 
615 GG GO G AG COGADGAGGCCGAAAGGCCGAA AGCACGU 
615 GGG33AG COGAIXjAGGCOGAAAGGCCGAA AGCACGU 
618 OGU GGL K3 CUSAD3AGGCCGAAAGGCOGAA AGGAGGA 
630 AOCGGCO COGATOAGGCCGAAAGGCCGAA ACGGOCU 
630 AOCGGCU COGADOUXXCGAAJU3GCCGAA ACGGOGU 
638 GAZ2AGCA COSA0GAGGCCGAAAGGCCGAA ADOOGOT 
643 UADSAGA COGADGAGGCCGAAAGGCCGAA AGCAAAD* 
645 GGCWDGA COGADGAGGCCGAAAGGCCGAA ADAGCAA 
647 CCGGOAU COGADGAGGCCGAAAGGCCGAA AGADAGC 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



at. Mouse EH Riboxymo . Sequence 

Position 

25 UCC CGG C CPGADGAGGCCGAAAGGCCGAA AGUCCCU 

66 UG3GAGC OTGATCAGGCCGAAAGSCCGAA AUUUCCA 

101 GGGACAG CCX3AraU3GCCSAAAG3CCGAA ACCDGCC 

101 GGGACAG CDGACGAGGCCGAAAG3CCGAA ACCUGCC 
1C2 AGGGACA CDGADSAGGCCGAAAGGCGGAA AACCUGC 

102 AGGGACA CUGADGAGGCCGAAAGGCCGAA AACCUGC 
106 UGAAAGG aXSADGAGGCCGAAAGSCCGAA ACAGAAC 

110 CGAGOGA CUGADGAGGCCGAAAGGCCGAA AGGGACA 

111 G3SAGTC CUGADGAGGCCGAAAGGCCGAA AAGGGAC 

111 GUGAG35 CDSA0GAGGCCGAAAGGCGGAA AAGGGAC 

112 AGCGAGCT CUGADGAGGCCGAAAGGCCGAA AAAGGGA 
llo GGCCAGU CUGADGAGGCCGAAAGGCCGAA AGUGAAA 

139 CTOGAGG CUGADGAGGCCGAAAGGCCGAA AGADGCG 

177 CG0CGCG CDGADGAGGCCGSUUU5GCCGAA ADCADGC 

207 UUUGGGG CD3ADGAGGCCGAAAGGCCGAA AG0GCCU 

228 AGwUCUS CUGADGAGGCCGAAAGGCCGAA AAGCCCC 

228 AGUUCOG CUGADGAGGCCGAAAGGCCGAA AAGCCCC 

236 CCGCCUG CUGADGAGGCCGAAAGGCCGAA AGCUCUG 

236 CCGCCOG CDGADGAGGCCGAAAGGCGGAA AGOUCUG 

249 UGAGACA CUGADGAGGCCGAAAGGCCGAA AGGCACC 

249 UGAGACA CUGADGAGGCCGAAAGGCCGAA AGGCACC 

261 ATOAGAA CUGADGAGGCCGAAAGGCCGAA A CG C UG A 

263 GAADGAG OXSU7IAGGCCGAAAGGCCGAA AGAGGCU 

263 GAAOGAG COGADGA GGC C GA AAGGOOGAA AGAGGCC7 

264 GGAADGA CGGADGAGGCCGAAAQGOOGAA AAGAGGC 
264 GGAADGA CUGADGAGGCCGAAAGGCCGAA AAGAGGC 
26c CAGGAA0 CUGADGAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG CUGADGAGGCCGAAAGGCCGAA AADGAGA 
276 COSCCAC CtXaTOAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA CUGADGAGGCCGAAAGGCCGAA AGCGUGG 

299 UAGACAG CDGADGAGGCCGAAAGGCCGAA AGAGCGU 

300 GUAGACA CPGAUGAQGCCGAAAGGOOGAA AAGAGOG 
304 OUCAGUA CUGADGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGUUCAG CUGADGAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG CUGADGAGGCCGAAAGGCCGAA AGUUCAG 

315 UCACCCC CUGADGAGGCCGAAAGGCCGAA AAGUUCA 
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315 CCACCCC CtJGADGAGGCCGAAAGGCCGAA AAGOUCA 

324 GGGGACC CUGAUGAGGCCGAAAGGCCGAA ADCACCC 

324 G3GGACC COGADSAGGGCGAAAG5CCCIAA ADCACCC 

347 ADOD3GG OTGADGAGGCCGAAAGGCCGAA ACDUCUC 

364 CCGAIX3A CTCAmA©3CCGAAAGGCCGAA AGGGAGG 

366 AACOTAU COGADGAGGCCGAAAGGCCGAA AGAGGGA 

366 AACOGAO CTOADGAGGCGGAAAGSCCGAA AGAGGGA 

369 CGVGAACa OX3UXSAGGOTAAAGGCCGAA ADGAGAG 

376 U3GGCCA CDGAJOGAGGCCGAAAGGCCGAA AGAAC5G 

390 DGAGDOT OXSADGAGGCCGAAAGGCCGAA A GGG C O; 

396 ADGADCa aX3UDE»GGCCGAAAGGCCGAA AGCGGGA 

401 AGAAGA0 CCGADGAGGCCGAAAGGCCGAA AUCJGA G 

404 UUGAGAA. aXSATOAGGCCGAAAGSCCGAA ADGADCU 

406 UOTOGAG OX3AD3AGGCCGAAAG3CCGAA AGADGA0 

406 UUW3AG CUGAOS^GCCGAAAGGCCGAA AGACGAU 

407 AOTOTGA. COGADGAGGCCGAAAGGCCGAA AAGAUGA 
409 GAADDUU C0GADGAGGCCGAAAG3CCGAA AGAAGAD 
409 GAADGUU COSUGAGGCOGAAAG3CCGAA AGAAGAD 
409 GAADDUU OTSAPSA G GCC G AAAGGCCGAA AGAAGAD 

444 GGOCUGC CUGADGAGGCOGAAAGGCCGAA AOSCGU 

501 UGGCCAG OJGADGAGGCXSAAAGGCCGAA AG3GCCD 

560 GACAAGG OTADGAGGCCGAAAGGCCGAA ACAACCC 

560 GACAAGG CUSADGAGGCCGAAAGGCGGAA ACAACCC 

564 AGDAGAC COSADCAGGCCGAAAG3CCGAA AGGOACA 

567 GGGAGUA. CCGADGAGGCCGAAAGGCCGAA ACAAGGU 

569 COGGGAG COGADGAGGCCGAAAGGCCGAA AGACAAG 

572 AACCOGG CUGAXTSAGGCOGAAAGGCCGAA AGOAGAC 

572 AACCQ3G COGADGAGGCCGAAAGGCCGAA AGOAGAC 

572 AACCOGG CTCADGAGGCCGAAAGGCCGAA AGOAGAC 

579 UGAAGAG COGADGAGGCCGAAAGGCCGAA ACCOGGG 
530 UOTAAGA CTGAB3AGGCCGAAAGGCCGAA AACCOGG 

580 UDGAAGA C0GAP3AGGGOGAAAGGCCGAA AACCOGG 
532 CC0O3AA COGADGAGGCCGAAAGGCCGAA AGAACCU 
582 CC0O3AA OXSADGAGGCCGAAAGGCCGAA AGAACCU 
534 DCCCUTO COCMGAGGCCGAAAGGCCGAA AGAGAAC 
585 GCCCCOU CCX3AQ3AGGCCGAAAGGCCGAA AAGAGAA 
608 GAGCACG OXSAD3AGGCCGAAAGGCCGAA AGOCGGG 
615 GGGOSAG COSAIX3AGGCCGAAAGGCCGAA AGCACGU 
615 GGGUGAG CCGAUGAGGCCGAAAGGCCGAA AGCACGU 
618 UCOGGGU COGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 A0CGGCO COGATCAGGCCGAAAGGCCGAA ACGGUGU 
630 AD0GGCO COGADGAGGCCGAAAGGCCGAA ACGG U G U 
638 GADAGCA COGADGAGGCCGAAAGGCCGAA ADCGGCU 
643 UADGAGA OX3A03AGGCCGAAAGGCCGAA AGCAAAD 
645 GGUADGA COGADGAGGCCGAAAGGCCGAA ADAGCAA 
647 CJGGUAU COGADGAGGCCGAAAGGCCGAA AGAOAGC 
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663 GGAGGOU CDGADGAGGCCGAAAGGCCGAA ACUUCCU 

669 CAGAGAG (XGADGAGGCCGAAAGGCCGAA AGGDUGA 

663 CAGAGAG OTGAD3AGGCCGAAAGGCCGAA AGGGDGA 

672 CGGCAGA CDGADGAGGCCGAAAGGCCGAA AGGAGGU 

674 GACGGCA OX3AIX»GGCCGAAAGaXGAA AGAGGAG 

681 GGCUCUU OTADGAGGCCGAAAOGCOGAA ACSGCAG 

631 GGCUCDU CDGADGAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCOCA CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

734 GG3C0CA CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

744 CCAGGGA COSADSAGGCCGAAAGGCCGAA ADGGGCU 

746 UCCCAGG COSADSAGGCCGAAAGGCCGAA AERCGGG 

759 GOJ3GAA CtX5AP5AGGCCGAAA GGC O G AA ACDCC2C 

759 GCDGGAA CDGADGAGGCCGAAAGGCCGAA ACCCCCC 

761 CAGCOGG CDGADGAGGCCGAAAGGCCGAA AGACCCC 

762 CCAGCOG COGA05AGGCGGAAAGGCCGAA AAGACCC 
786 CAGCGCU CUGAPGAGGCOGAAAQGCCGAA AGOCGOT 
798 GCAGADO CDGADGAGGCCGAAAGGCCGAA ACCOCAG 
802 UU3GGCA CDGADGAGGCCGAAAGGCCGAA ADOGACC 
312 GICUAAG CD5ADSAGGCGGAAAGGCCGAA ACDCGGG 
816 CAAAGUC CDGAD3AGGCGGAAAGGCOGAA AAGGACU 

821 CDCCGCA COGAD3AGGCCGAAAGGCCGAA AGDCGAA 

822 ACDCCGC CDGADGAGGCCGAAAGGCCGAA AAGCCCA 
830 CDGCCCG CDSAD3AGGCCGAAAGGCGGAA ACOCCGC 
340 CAAAGOA CDGADGAGGCCGAAAGGCCGAA ACCOGCC 
842 UCCAAAG CDGADGAGGCCGAAAGGCCGAA. AGACCCG 
842 UCCAAAG OX2ADGAGGCCGAAAGGCCGAA AGAGCCG 
842 UCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCDG 

845 GACUCCA CDGADGAGGCCGAAAGGCCGAA AGDAGAC 

846 UGACDCC CDGADGAGGCCGAAAGGCCGAA AAGOAGA 
852 GAGCAAD CDGADGAGGCCGAAAGGCCGAA ACDCCAA 
855 ACAGAGC COGATOAGGCCGAAAGGCCGAA ADGACGC 
887 GGGUAGA CDGADGAGGCCGAAAGGCCGAA AADGGAD 
891 GGCCXjGG CDGADGAGGCCGAAAGGCCGAA AGAGAAD 
905 GGGGDCA OJSADGAGGCa3UUtfX3CCGAA AGDGGGG 
905 GGGGDCA CDSADSAGGCOGAAAGGCGGAA AGDGGGG 
905 GGGGDCA CDGADGAGGCCGAAAGGCCGAA AGDGGGG 

914 CAGAGOA COSADGAGGCGGAAAGGCOGAA AGGGGSC 

915 UCAGAGD CDGADGAGGCCGAAAGGCCGAA AAGGGGU 
919 GGGGDCA CDGADGAGGCCGAAAGGCCGAA AGUAAAG 
928 GACAAOA CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
928 GACAAOA CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
932 AGDAGAC CDGADGAGGCCGAAAGGCCGAA ADAAAGG 
940 CDCDSAG CDGADGAGGCCGAAAGGCCGAA AGOAGAC 
943 GGGCOCU CDGADGAGGCCGAAAGGCCGAA AGGAGUA 
972 CCDDOCO CDGADGAGGCCGAAAGGCCGAA AGOUAGA 

972 CCDDDCa CDGADGAGGCCGAAAGGCCGAA AGUUAGA 

973 CCCDOOC CDGADGAGGCCGAAAGGCCGAA AAGDUAG 
984 GAGCCAD CDGADGAGGCCGAAAGGCCGAA ADCCCCU 
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984 GAGCCAO COGADGAGGCCGAAAGGCCGAA ADCCCCU 

985 UGAGCCA COGADGAGGCCGAAAGGCCGAA AAOCCCC 
997 AGAGOOS COGADGAGGCCGAAAGGCCGAA ACOCOGA 
1010 AAGCOCU C0G3UX»GGCCGAAAGGCCGAA AGCACAG 
10X7 UOaUUSA C O GADGAGGCCGAAAGGCCGAA AGCOCOG 

1018 GCOOTOS COGADGAGGCCGAAAGGCCGAA AAGC OCT 

1019 AOTOGOO OXatfXSAGGCCGAAAflQCCGAA AAAGCOC 
1073 UGCAOGA COGADGAGGCCGAAAGGCCGAA AGGCCCA 
1096 CCCADUU COCADGAGGOCGAAAGGCCGAA AGCCCUU 

1106 AD02GGA COGADGAGGCCGAAAGGCCGAA AGCCCAD 

1107 AADO0GG COGADGAGGCCGAAAGGCCGAA AAGCCCA 

1108 GAADOCG COGADGAGGCCGAAAGGCCGAA AAAGCCC 
HIS COCCAG O COGAOSAGGCCGAAAGGCCGAA AADCCGG 
1133 AGGAAD3 COGAOSAGGCCGAAAGGCCGAA ACADOCG 
1164 GCAACCO COGADGAGGCCGAAAGGCCGAA ACCVCDC 
1180 OCADCCU COGADGAGGCCGAAAGGCCGAA AGACAGA 
1203 AAGGCCO COGADGAGGCCGAAAGGCCGAA AGADCOU 

1210 AGGOAGG COGADGAGGCCGAAAGGCCGAA AGGCCOG 

1211 AAGGOAG COGADGAGGCCGAAAGGCOGAA AAGGCCU 
1214 COSAAGG OTGAOGAGGGOGAAAGGCOGAA AGGAAGG 
1218 AGGTCDG COGADGftGGCOGAAAGGCOGAA AGGOAGG 
1218 AGGOCUS COGADGAGGCCGAAAGGCCGAA AGGOAGG 
1218 AGGOCOG COGADGAGGCCGAAAGGCCGAA AGGOAGG 

1218 AGGOCUG COGADGAGGCCGAAAGGCCGAA AGGOAGG 

1219 AA GGOSO COGADGAGGCCGAAAGGCCGAA AAGGOAG 
1219 AAGGOCU COGADGAGGCCGAAAGGCCGAA AAGGOAG 
1226 GOCOGGA OX3ADGAGGCCGAAAGGCCGAA AGG O C U G 

1226 GOCOGGA COGADGAGGCCGAAAGGCCGAA AGGOCCG 

1227 AOTCOGG COGADGAGGCCGAAAGGCCGAA AAGGOCU 

1227 AGOC0GG COGADGAGGCCGAAAGGCCGAA AAGSOCO 

1228 GAGTC OG COGADGAGGCCGAAAGGCCGAA AAAGGOC 
1238 CCDCAGG COGADGAGGCCGAAAGGCCGAA AAGAG0C 
1262 COOTGAG COGADGAGGCCGAAAGGCCGAA AA GGC O G 
1283 AUAAAOA COGADGAGGCCGAAAGGCCGAA AGGGGGG 
1283 AHAAADA COGADGAGGCOGAAAGGCCGAA AGGGGGG 
1285 AZJAZZAAA GXiADGAGGCCGAAAGGCCGAA AGAGGGG 
1287 AAADAUA COGADGAGGCCGAAAGGCCGAA AOAGAGG 

1287 AAADADA COGADGAGGCCGAAAGGCCGAA AOAGAGG 

1288 CAAADAD COGADGAGGCCGAAAGGCCGAA AAOAGAG 

1289 GGAAAOA COGADGAGGCCGAAAGGCOGAA AAAOAGA 
1293 AAGCCCA COGADGAGGCCGAAAGGCCGAA AOAUAAA 

1293 AAGOGCA COGADGAGGCCGAAAGGCCGAA ADADAAA 

1294 OAAGOGC COGADGAGGCCGAAAGGCOGAA AAOADAA 
1300 AAAOAAO COGADGAGGCCGAAAGGCCGAA AGOGCAA 

1303 AAQAAAU COGADGAGGCCGAAAGGCCGAA ADAAGOG 

1304 OAAOAAA COGADGAGGCCGAAAGGCCGAA AADAAGO 

1306 AADAADA COGADGAGGCCGAAAGGCCGAA AOAAOAA 

1307 AAAOAAO COGAOSAGGCCCSttAGGCCGAA AAOAADA 
1307 AAAOAAO COGADGAGGCCGAAAGGCCGAA AADAADA 
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1308 CAAADAA CDGADGAGGCCGAAAGGCCGAA AAADAAD 

1310 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1310 AADAAAD COGADGAGGCCGAAAGGCCGAA ADAAADA 

1310 AADAAAD OT3A0GAGGCCGAAAGGCCGAA ADAAADA 

1311 AAAUAAA CUGADGAGGCCGAAAGGCCGAA AADAAAD 
1311 AAADAAA C03AIX3AGGCCGAAAGGCCGAA AADAAAD 
1313 ADAAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 
1313 ADAAADA CCGAZXSAGGCXGAAAGSCCGAA ADAADAA 

1313 ADAAADA CDGADGAGGCCGAAAGGCOGAA ADAADAA 

1314 AADAAAD CUIAOTAGGCCGAAAGGCCGAA AADAADA 

1314 AADAAAD CO3ADGAGGCCGAAAGGC0GAA AADAADA 

1315 UAADAAA COGADGAGGCCGAAAGGCCGAA AAADAAD 

1317 AADAADA COSAXXaAGGCCGAAAGGCCGAA ADAAADA 

1318 AAADAAD CUGADGAGGCCGAAAGGCCGAA AADAAAD 
1315 UAAADAA COGADGAGGCCGAAAG GC C G AA AAADAAA 
1325 AAADAAA COGADGAGGCCGAAAGGCCGAA AAADAAD 

1328 GCAAADA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1329 AGCAAAD COGADGAGGCCGAAAGGCCGAA AADAAAD 

1330 AAGCAAA COGADGAGGCCGAAAGGCCGAA AAADAAA 

1332 ADAAGCA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1333 CADAAGC CUGADGAGGCCGAAAGGCCGAA AADAAAD 
1337 CADOCAD CDGADGAGGCCGAAAGGCOGAA AGCAAAD 
1336 ACADOCA COGADGAGGCCGAAAGGCCGAA AAGCAAA 
1346 AAADAAA COGADGAGGCCGAAAGGCCGAA ACADOCA 

1348 CCAAADA COGADGAGGCCGAAAGGCCGAA ADACADD 

1349 OCCAAAO COGADGAGGCCGAAAGGCCGAA AADACAD 

1350 UOCCAAA COGADGAGGCCGAAAGGCCGAA AAADACA 
1352 CCUOCCA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1352 CCOUCCA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1353 GCCUUCC CUGADGAGGCCGAAAGGCCGAA AADAAAD 
1369 CCDCCAG COGADGAGGCCGAAAGGCCGAA ACACCCC 

1398 Caracas cogadgaggccgaaaggccgaa agacacc 

1398 CU3UOJG COGADGAGGCCGAAAGGCCGAA AGACAGC 

1412 CACAGAA COGADGAGGCCGAAAGGCCGAA ACADGOC 

1413 OCACAGA CUGADGAGGCCGAAAGGCCGAA AACAOGD 

1414 DOCACAG OX2ADGAGGCCGAAAGGCCGAA AAACADG 

1415 ODOCACA COGADGAGGCCGAAAGGCCGAA AAAACAU 
1415 OTOCACA COGADGAGGCCGAAAGGCCGAA AAAACAD 
1438 AGGUGGG COGADGAGGCCGAAAGGCCGAA ACAGCUC 
1451 AGSUAGA COGADGAGGCCGAAAGGCCGAA AQGC CA Q 
1453 GAAGGUA COGADGAGGCCGAAAGGCCGAA AGAGGCC 
1455 AACAAGG COGADGAGGCCGAAAGGCCGAA AGAGAGG 
1462 AGGAGGC COGAD3AGGCCGAAAGGCCGAA ACAAGGD 
1470 AGCAAAA CTGADGAGGCCGAAAGGCCGAA AGGAGGC 

1472 UAAGCAA COGADGAGGCCGAAAGGCCGAA AGAGGAG. 

1473 ADAAGCA COGADGAGGCCGAAAGGCCGAA AAGAGGA 

1474 CADAAGC COGADGAGGCCGAAAGGCCGAA AAAGAGG 
1473 CAAACAD OXSADGAGGCCGAAAGGCCGAA AGCAAAA 
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1479 OTAAACA COSAOSAGGCaSAAAGSCCGAA AAGCAAA 

1479 UOAAACA CTGADGAGC5CCGAAAGGCCGAA AAGCAAA 

1484 UUAJUUO COTAOSAGCXXGAAAGSCCGAA AACAOAA 

1498 GOUAGA0 CCXjATOAGGGCGAAAGGOOGAA AADAUDU 

1511 UCDUVGAC OKAiraUSGCCGAAAGGCCGAA ADOGGOT 

1514 UUAUUAA CUGADGAGGCCGAAAGGCCGAA ACAADOG 

1515 COTUADU CtXyUZyUSGCCGAAAGGCaiAA AGACAA0 
1529 GOCACCA CUGAUSAGGCCGAAAGGCCGAA ABCAGCG 

1529 GOCACCA C3GAU3AGGCCGAAAGGCCGAA ADCAGCG 

1530 GGCCACC CCGAP5AGGCCGAAAG3CC3AA AADCAGC 
1530 GGDCACC C0GAIX3K»XGAAAGGCCGAA AADCACC 
1563 GSSAGCX CaSAOGAGGCCGAAAOGCCaAA AGGOTCA 
1563 GGGAGCA CUGRD3AGGCCGAAAGGC0GAA AGGOTCA 
1563 CCGTO3G CTOADGAGGCCQAAAGGCCGAA AGCAGAG 
1589 GSGCAAD CDGADGAGGCCGAAAGGCCGAA ACAGOCA 
1592 GOAGGGC C0GATCAGGCCGAAAG3CCGAA AUUACAG 
1617 CGADCU0 CTSAP5AQGOCGAAAGGCOGAA ADUOC0C 
1623 UTOAAGC COTADGAGGCCGAAAGGOCGAA ADCUUUA 
1633 UjUUUUU OT5ADGAGGCCGAAAGGOOGAA AUUUUA A 
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Table 29: Human bcr/abl HH Target Sequence 



PCI7IB9S/00156 



Sequence 
ID No, 

Junction 



EE Target Sequence 



20 
2L 
22 



JUagticn 



23 
24 

25 



UAftGQQG Or AAAAG3XTOC 
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Table 30: H uman bcr-abl HH Ribozyme Sequences 



Sequence HH Ribozyae Sequence 

TD No. 

26 GGOJULUUCUJ CCX5AD3AG3CCGAAAGGCCGAA ADGGMGGOCA 

27 ACTOGCCGCOT COGAEXaAGGCCGAAAGGCCSAA AG3GCU0CDDC 

28 UACOSGCCGCJ CXAOMGCCSAAAGGCCGAA AAGGGCUUCUU 

29 GAAGGGCUUUU CTSADaAGGCCSAAACGOOGAA. AACDCOOCOaA 

30 AOX5GCCGCDG GXSADGMQCCGAAAGQCCGAA. AGGGCOOUDGA 

31 QAOTGGCCGCU C0GADGAGGCC3AAAGGCCGAA AAGGGCUTOOG 
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Table 31: RSV (IB) HH Target Sequence 



at. 
Position 

10 
14 
18 
13 
54 
57 
77 
94 
97 
101 

no 

113 

us 

122 

134 

137 

148 

149 

150 

152 

154 

157 

161 

165 

176 

188 

208 

209 

210 

214 
215 
221 
226 
239 
241 
242 
251 
261 
265 
267 
274 



HH Target S«qu«nc« 



GGCAAAU 
AAHAAAU 
AADCAAD 
ADCAAD0 
CAADGA0 
OGA0AAD 
OGADGAD 
AGACCG0 
CCGCOGU 
33CCAC0 
AGACCA0 
COUDBU0 
AUAACAD 
CADCAC0 
GAGACAD 
ACADCA0 
CACAAAD 
ACAAAD0 
CAAADU0 
AAUUUAU 
UUUADA0 
ADADACU 
ACOOGAO 
GAUAAAU 
AADGCMJ 
GAAAACU 
GCCACA0 
CCACADD 
CACADOU 
GUUACAU 
UUACADU 

a ccuwu 

G0CAAC0 
OGAAACU 
AAACQAZ7 
AACUAX7U 
ACAAAGU 
AAGCAC0 
ACUAAAU 
UAAAUAU 
AAAAAAD 



A 

C 

a 
c 

A 
A 

C 

a 
c 
0 

A 
A 
C 
A 
C 
A 

a 
a 

A 
A 
A 
U 
A 
C 
A 



AADCAAD 
AADOCAG 
CAGCCAA 
AGCCAAC 
AQACACC 
CACCACA 
ACAGACA 
CUCACUU 
ACUDGAG 
GAGACCA 
ADAACA0 
ACADZAC 
AC0AACC 
ACCAGAG 
AQAACAC 
ACACACA 
UADADAC 
ADADACU 
UADACUU 
0ACOOGA 
CUUGAUA 
GADAAAD 
AADCADG 
ADGAAOG 
GOGAGAA 
0 GADGAAA 
0 UACADUC 
0 ACAUUCC 
A CAUULXJU 

u cc u gguc 

C CO GGUC A 
C AACUADG 
A UGAAADG 
A UUACACA 
0 ACACAAA 
A CACAAAG 
A GGAAGCA 
A AADAEAA 
A QAAAAAA 
A AAAAADA 
A UACOGAA 



at . 
Poiition 

276 

283 

295 

303 

304 

305 

309 

317 

319 

320 

323 

327 

337 

338 

340 

341 

350 

356 

357 

363 

372 

375 

380 

383 

385 

391 

396 

398 

402 

406 

410 

411 

412 

421 

423 

424 

432 

434 

446 

448 

454 



HH Target S«<m«ic« 



AAAADA0 
ACUGAAU 
ACAAAAD 
0GGCACD 
GGCAOJU 
GCACUUU 
UUUCCCU 
OTCCAAD 
CCAADAD 
CAAUAUU 
OADOCAD 
CADCAA0 
GADGGGO 
ADGGGDU 
GGGUCCU 
GGOCCUU 
AACGCAU 
UCGGCAU 
UGGCADD 
UAAGCCD 
AAAGCAD 
GCADA07 
CUCCCAU 
CCADAAU 
ADAADAD 
CACAAGU 
GDADGAD 
ADGADC0 
UCUCAAU 
AAUCCAU 
CACAAAD 
ADAAADU 
QAAAUUU 
ACACAAD 
ACAADAD 
CAADADU 
ACACAAU 
ACAADCU 
AACAACU 
CAACCCU 
UADGCAU 



A 
A 
A 

0 
u 
c 

A 
A 

a 
c 
c 
c 
0 
c 

0 
A 
0 
0 



CDGAAJUA 
CAACACA 
OTGCACU 
OCCCUAU 
CCCDADG 
CCCAUGC 
OCCCAAU 
OOCACCA 
CADCAAD 
AOCAADC 
AADCADG 
AD3ADGG 
CDUAGAA 
UUAGAAU 
AGAAUGC 
GAADGCA 
GGCADCA 
AAGCCDA 
A AGCCOAC 
A CAAAGCA 
CUCCCAU 
CCAUAAU 
ADADACA 
UACAAG0 
CAAGQAU 
TOAOCGC 
DCAADCC 
AADCCAU 
CAUAAA0 
AAD0OCA 
0CAACAC 
CAACACA 
C AACACAA 
A UUCACAC 
0 CACACAA 
C ACACAAU 
C UAAAACA 
A AAACAAC 
C UAOSCAU 
A UGCAUAA 
A AC0A0AC 



A 
C 
A 
A 
A 
A 
C 
C 
C 
A 
0 
0 



SUBSTITUTE SHEET (RULE 26) 



c c 



WO 95/23225 PCT/IB95/00156 

266 

458 CADAACU A OACOCCA 

460 UAACOAU A CUCCAOA 

463 CDMACU C CAHMOC 

467 ACOCCAO A GCCCAGA 

470 CCAEAGO C CAGADGG 

489 CGAAAAD U AHAGUAA 

490 GAAAADU A QAGUAAU 
492 AAADUAU A GUAADCU 
495 OTADAGU A ADOUAAA 
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Table 32: RSV (IB) HE Ribozyme Sequence 



at* HH SUJbozyna Sequaxxca 
Position 

10 AOOGADU CDSADSAGGCCGAAAGGCCGAA ADUOGCC 

14 CDSAADU COGADSAGGCCGAAAGGCCGAA AEUUAUU 

18 ODSGCCG COGADSAGGCCGAAAGGCCGAA A0CGAUU 

13 GODGGCO CDSADSAGGCCGAAAGGCCGAA AADDSAU 

54 GGDGUAO CDSATCAGGCCGAAAGGCCSAA ADCAUUG 

57 DOTGGD3 CDGADSAGGCCGAAAGGCCGAA ATOA0CA 

77 IWJUXiU CDSADSAGGCCGAAAGGCCGAA aocadca 

94 AAGOGAC CDGADSAGGCCGAAAGGCCGAA ACGGOOJ 

97 CDCAAGU CDSADSAGGCCGAAAGGCCGAA ACAACGG 

101 DSGOCC C OTGADSAGGCCGAAAGGCCGAA AGOGACA 

U0 ADSCUAIJ CDGAOSAGGCOGAAAGGCCGAA ADSGOC U 

U3 GUGADGC CDSADSAGGCCGAAAGGCCGAA ADGADGG 

U8 OGTOAGa CDSATOAGGCCGAAAGGCCGAA ADGUDAU 

122 COTtX3GO COGADSAGGCCGAAAGGCCGAA AGOGADG 

134 GU5UUAU CDGADSAGGCCGAAAGGCCGAA A U G U C U C 

137 DGDSDOT CDGADSAGGCCGAAAGGCCGAA ADGADGd 

148 GUADAIJA CDSADSAGGCCGAAAGGCCGAA ADODGCG 

145 AGOADAa COGADSAGGCCGAAAGGCCGAA AAOOOGU 

150 AAGOAIIA CDGADSAGGCCGAAAGGCCGAA AAADOOG 

152 OCAAGOA CDGADSAGGCCGAAAGGCCGAA ADAAADU 

154 OADCAAG COGATOAGGCCGAAAGGCCGAA AUfJUAAA 

I 57 AUOOADC COGADSAGGCCGAAAGGCCGAA AGOADAU 

161 CADSADO COGADSAGGCCGAAAGGCCGAA ADCAAGU 

165 CADOCA U COGADSAGGCCGAAAGGCCGAA AUOUAUC 

176 OOCOCAC CDSADSAGGCCGAAAGGCCGAA AD3CAOO 

188 OUOCADC CCX2ADSAGGCOGAAAGGCOGAA AGCOUCC 

208 GAADGOA CDSAOSAGGCCGAAAGGCCGAA ADGOGGC 

209 GGAADSO CDSADSAGGCCGAAAGGCCGAA AADGUGG 

210 AGGAADG CDSADSAGGCCGAAAGGCCGAA AAADSOG 

214 GACCAGG CDSADSAGGCCGAAAGGCCGAA ADSCAAA 

215 DSACCAG CDSADSAGGCCGAAAGGCCGAA AAOGUAA 
221 CAOAGUU COGADSAGGCCGAAAGGCCGAA. ACCAGGA 
226 CAPOOCA CDSADSAGGCCGAAAGGCCGAA AGOOGAC 
239 DCTGOAA CDSADSAGGCCGAAAGGCCGAA AGOOOCA 

241 UUWUGU CDSADSAGGCCGAAAGGCCGAA AJOAGODU 

242 LUUmUj CDSADSAGGCCGAAAGGCCGAA AADAGOO 
251 OQCODCC CDSADSAGGCCGAAAGGCCGAA ACUUUG U 
261 UQAHAPU CDSADSAGGCCGAAAGGCCGAA AGDSCOU 
265 u Uuuuua CDSADSAGGCCGAAAGGCCGAA ADOUAGU 
267 nADDOOO CDSADSAGGCCGAAAGGCCGAA AUAUUUA 
274 UOCAGOA CDGADSAGGCCGAAAGGCCGAA ADOOOUU 
276 OADUCAG COGADSAGGCCGAAAGGCCGAA AUADUOU 
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283 UGCGUTO CUGA02AGGCOGAAAGGCCGAA ADOCAGU 

295 AGOGCCA CUGADGAGGCCGAAAGGCCGAA ADOOOGU 

303 ACAGGGA CUGAB3AGGCGGAAAGGCCGAA AGOGCCA 

304 CADAGGG CIXMXSAGGCCGAAAGGCCGAA AAGCGCC 

305 GCAOAGG COGAD3AGGCCGAAAGGCCGAA AAAGDGC 
309 ADUGGCA OXSAOSAGGCCGAAAGGCCGAA AGGSAAA 
317 O3A0GAA COTADSAGGCCGAAAGGCCGAA AOOGGCA 

319 AOTSADG COGAOGAGGCCGAAAGGCCGAA AnADOCG 

320 GADOGA0 OX^UnAGSCXGAAiUSGCCGAA AAOADCG 
323 CAOGADU aX3A03AGGCCGAAAGGCC3AA ADGAACA 
327 CCADCA0 COGADGAGGCCGAAAGGCOGAA ADCGADG 

337 UOCOAAG CXXjADGAGGCCGAAAGGCCGAA ACCCAOC 

338 ADOCOAA OTSAD3AGGCOGAAAGGCCGAA AACCCAU 

340 GCADOCa CTOATOAGGOCGAAAGGCCGAA AGAACCC 

341 DGCAUCC CTOADGAGGCCGAAAGGCCGAA AAGAACC 
3^0 OAATOCC OTSAD5AGGCCGAAAGGCOGAA ADGCADU 

356 OAGGCUU CqS A PGAOGCOGAAAOGCCGAA ADGCGAA 

357 SOAOGCa C35AD5AGGCCGAAAGGCGSAA AAD5C LA 
363 CaSAOSAGGCOGAAAGGCCGAA AGGC UUA 
372 AD3GGAG CCT3ADGAGQCCGAAAQGCCGAA A PUJJUU 
375 ATOAOSG COGAOaGGCCGAAAfiGCCGAA ACOADGC 
380 UOTADAO CDCAIX3AGGCCGAAAGGCCGAA AD3GGAG 
383 AUJUGUA CUGAIX2AGGOCGAAAGGCCGAA ADOADGG 
385 AUACOTO aXSADSAGGCCGAAAGGCCGAA ADADUAU 
391 GAGADCA CO3ADSAGQC0GAAAGGCGGAA A OJUUUA 
396 GGAOTGA CDSADSAGGCOGAAAGGCQSAA ADCADAC 
398 ADSGADU COTADSAGGCCGAAAGGCOSAA AGADCA0 
402 ADUOADG C33ATCAGG0CGAAAGGCCGAA ADOGAGA 
406 UGAAADU CUGACTaAGGCCGAAAGGCCGAA ADGGADU 

410 GwGUUGA CCGATOAGGCCGAAAGGCCGAA ADUOADG 

411 \XrXMJk& C0GAQ3MGCCGAAAGGCCGAA AAOTOA0 

412 UUjuwu C0OAIX»GGCCGAAAGGCCGAA AAADOTA 

421 COaXJGAGGCGGAAAGGCOGAA AD0 QJW 

423 U UrWUS CXAD3AGGCCGAAAGGCCGAA ADAOOOT 

424 APOGU5U COGATOAGGCCGAAAGGCCGAA AADADOG 

422 ^wua CXX3AraOQOOGAJUU3KCGAA AD03DOT 
434 GOTGOTO COSAD3AGGCCGAAAGGCOGAA AGADOOT 
44 * MX5CAOA C33A30GAGGOOGAAAGGCCGAA A OJUGUU 
448 OOADSCA CTGATOAGGOOGAAAGGCCGAA AGAGQCG 
454 GUACAOT COKtfXSAGGCCGAAAflGCCGAA ADGCADA 
453 OSGAGOA COTADSAGGCCGAAAGGCCGAA AGOUADG 
460 UAIWSAG COGAD3AGGCOGAAAOGCCGAA ADAGUOA 
4ff 3 GAqZA OS QXaAOSAGGCCGAAAGGCCGAA AGOABAG 
467 OCt A^AC CTOADSAGGCCGAAAOSCOGAA AD3GAGC7 
4 70 CCADCOT CCX3AO5AGGCCGAAAGGC0GAA ACGADGG 

489 TOACUAIJ OX5ADGAGGCOGAAAGGOCGAA ADOTOCA 

490 ADUACUA CXMCaGGCCGAAAGGCCGAA AADDOOC ' 
4 92 AAAIJUAC C0GAO3AGGCCGAAAGGCCGAA AOAADOa 
495 UOTAAAIJ CUGADGAGGCCGAAAGGCCGAA ACUAOAA 
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Table 33 : RSV (1C) HH target Sequence 



at . 
Position 

10 
16 
17 
21 
25 

31 

32 

36 

37 

38. 

42 

46 

50 

51 

67 

68 

71 

76 

81 

87 

88 

92 

93 
100 
101 
104 
105 
120 
125 
128 
129 
135 
143 
145 
151 
155 
156 
159 
163 
164 



Taxgst S«qusncs 

GGCAAAU A AGAADUU 
UAAGAAD U OGADAAG 
AAGAAUU 0 GAUAAGU 
ADUUGAU A AGCACCA 
GAUAAGU A CCACTOA 
OACCACU U AAADUUA 
ACCACUU A AADUUAA 
CUUAAAU U UAACCCC 
UUAAADU U AACOCCC 
UAAADUU A A C TO XU 

c 
a 
u 

A 

U 

c 
a 

A 
A 
U 
A 
U 
A 

a 
u 
u 
u 

A 

U 

a 

A 
A 
A 
A 
A 

a 

A 
A 

U 



UUUAACU 
ACDCCCU 
LIUUU^J 
CUUGGUU 
CAGCAAU 
AGCAAUU 
AAUUCAU 
ADUGAGU 
GUADGAU 
UAAAAGU 
AAAAGUU 
UJUAGAU 
UUAGAUU 
ACAAAAU 
CAAAADU 
AAUUUGU 
AUUUGUU 
ADGAAGU 
GUAGCAU 
GCALIUCnJ 
CADUGUU 
QAAAAAU 
ACAUGCU 
ADGCUAU 
UACUGAD 
GADAAAU 
AUAAA0U 
AADUAAU 
AADACAU 
ADACADU 



CCU0GGU 
GGUUAGA 
AGAGADG 
GAGADGG 
CAUOGAG 
AUDGAGU 
GAGUADG 
UGAUAAA 
AAAGUUA 
AGADUAC 
GAUUACA 
ACAAAAU 
CAAAADU 
UjUUVAsA 

GUUUGAC 

OGACAA0 

GACAAOS 

GCAUIW 

GUUAAAA 

AAAAADA 

AAAAOAA 

ACAOSCa 

UACUGAU 

CUGADAA 

AADUAAU 

AAUACAU 

ADACADU 

CAUUUAA 

UAACDAA 



U AACUAAC 



Position 

165 
169 
175 
176 

iai 

192 

196 

201 

206 

216 

221 

222 

231 

232 

234 

235 

241 

247 

249 

250 

256 

259 

262 

265 

267 

270 

273 

278 

283 

284 

285 

300 

303 

316 

317 

319 

321 

338 

339 

346 



Tar g • t s tqutac • 



UACADCU 
UUUAACU 
UAACGCU 
AACGCUU 
OOCGGC0 
CAGCGAU 
GADACAU 
AUACAAU 
AUCAAAU 
AJTOCCAU 
ADUGCGU 
UDGOUJU 
UGCAGGU 
GCACGUU 
ACGUUAD 
CGUUAUU 
UACAAGU 
UAGUGAU 
GUGAUAU 
UGAQADU 
UCGCCCU 
CCCUAAU 
UAADAAU 
GAAUAAU 
ADAADAU 
AUADUGU 
UUGUAGU 
GCAAAAU 
AUCCAAU 
UCCAADU 
CCAADUU 
CGCCAGU 
CAGGACU 
UGGAGGU 
GGAGGUU 
AGGUUAU 
GUUAUAU 
ADGGAAU 
UGGAAUU 
AACACAU 



A 
A 

U 

u 

A 
A 
A 
C 
U 

u 
u 
u 



ACCAACG 
ACGCUUU 
OGGCJAA 
GGCUAAG 
AGGCAGU 
CAHACAA 
CAADCAA 
AAADUGA 
GAADGGC 
GGGGUCG 
OGCGCAU 
GUGCAUG 
U AUUACAA 
A UUACAAG 
U ACAAGUA 
A GAAGUAG 
A GCGAUAU 
A UUCGCCC 
U UGCCCUA 
U GCCCUAA 
A AUAAUAA 
A AUAAGAU 
A AUABUGU 
A UUGUAGU 
0 GUAGUAA 
A GUAAAA0 
A AAADCCA 
GAAUUUC 
UCACAAC 
CACAACA 
ACAACAA 
CUACAAA 
CAAAADG 
AQAUAUG 
OAUADGG 
CAUGGGA 
UGGGAAA 
AACACAU 
ACACAUU 



U GCUCUCA 
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350 


CADOOC0 C OCAACCU 


352 


UUGCUOJ C AACCUAA 


358 


OCAACCU A AUGGUCU 


364 


UAADQGU C UACUAGA 


366 


AUGGOC0 A CUAGAD3 


369 


GUCUACU A GARSACA 


379 


UGAOAU U GGGAAAU 


387 


GOGAAA0 0 AAADUCU 


388 


USAAAUU A AADUCUC 


392 


AUUAAAU U C9CCAAA 


393 


OTAAADU C UCCAAAA 


395 


AAADUCU C CAAAAAA 


405 


AAAAACU A AGOSADU 


412 


AACCGAU U CAACAAU 


413 


AGUGADU C AACAADG 


427 


GAGCM0 U AXZADGAA 


428 


accaadu A OA0SAAI7 


430 


CAAOTWJ A OSAABCA 


436 


OADGAAD C AADUADC 


440 


AADOUUJ 0 ADCOSAA 


441 


ADCAADU A UCOGAA0 


443 


CAADUA0 C UGAAOTA 


449 


UCDGAA0 0 ACUUUiA 


450 


CCGAADU A CUUGGAU 


453 


AADUACU a GGAUUUC 


458 


C0OTGA0 0 0GADCU0 


459 


U0UUADU U GAUCUUA 


463 


AD0UGA0 C UOAADSC 


465 


0UGAOC0 U AADCCAU 


466 


LXiAULUU A ADXMA 


469 


LXJUUAAU C CADAAAL7 


473 


AADCCAU A AAUUAUA 


477 


CAUAAAU U AOAAUGA 


478 


AOMABU A UAADQAA 


480 


AAATOAU A ADUAAOA 


483 


UUAHAA0 U AAUADCA 


484 


UAUAADU A ADAOCAA 


487 


AADOAAU A OCAACOA 


489 


CGAAOAU C AACOAGC 


494 


A0CAAC0 A GCAAADC 


501 


AGCAAAU C AATOOCA 


507 


OCAADGU C AC0AACA 


511 


UGDCACU A ACACCA0 


519 


ACACCAU 0 AGUUAAU 


520 


CACCAUU A GUUAAQA 


523 


CADCACU 0 AAUABAA 


524 


ADUACDU A AUAUAAA 
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Table 34: RSV (1C) HH Ribozyme Sequence 



Position 

10 AAADUOT C0GAD3AGGC2GAAAGGCCGAA ADOTGCC 

15 COOADCA C3SA0GAGG00GAAAGGGCGAA ACGCOUA 

17 ACOOA DC CTOAIXSAGGCaaUAGGCOGAA A A DOC UU 

21 QSSgiay CGGAOSAGGCCGAAAGGOCGAA AECAAAU 

25 OAAGGGG O73ADGAGGC0GAAAGGC0SAA ACOOADC 

31 OAAADOT CKABaGGCCGAAAGSCCGAA AGCGGUA 

32 OTAAADU CCGADSAGG0CGAAAG3CCGAA AAGUGGC7 

36 GGAGOTA CTCADaAGGGCGAAAGSCCGAA ADDOAAG 

37 GGGAGTO COGADGAGGCCGAAAGGCOGAA AADOTAA 

38 AGGGAGCJ CUGATCAGGCCGAAAGGCCGAA AAABUQA 
42 ACCAAGG C0GATOGGCCGAAAGGC3OGAA AGOOAAA 
46 P CQAACC CGGADGAGQCGGAAAGGQOGAA AGGGAG7 

50 CADC0O7 C33AD5AGG0CGAAAGGCCGAA ACCAAGG 

51 CCADCUC CR2AD3AGGOCGAAAGGCCSAA AAGCAAG 

67 CCCAADG CTSAIX3AGGCOG3UUy3GOOGAA ABCGCCG 

68 ACDCAAU COGADSAGGOCGAAAGGCCGAA AADDGCU 
71 CAXJACUC COGA03AGGCOGAAAGGGOGAA ADGAADO 
76 TOUADCA CQ3AD3AGGC0GAAAGGC0GAA ACOCAAO 
31 OAACOUU CCGA03AG3CCGAAAGGCCGAA ADCADAC 
37 G3AA SCU CDGAE3AGGCCGAAAGGGCGAA A OJUUUA 
88 U C3AADC COGA0GAGGCCGAAAGGCCGAA AACTOOtJ 

92 ADUUUCT CUGAB3AGGCCGAAAGGGCGAA ADOTVAC 

93 AADDCUG COGAD3AGGOCGAAAGGCCGAA AADCUAA 

100 OCAAACA OTAIXSAGGCCGAAAGGCCGRA ADCCOGU 

101 OTCAAAC CTOAOSAGGCCGAAAGGCCGAA AADOTUG 

104 AOT30CA C0GAO3AGGCCGAAAGGCCGAA ACAAADU 

105 CADOSOC CtX»D3AGGCCCaUUyGCXXX3AA AACAAAU 
120 AC AAPSC aXSAIXSU^CCGAAAGGOaSAA ACCCCA0 
125 tTOUOAAC CCX2AD3AGGCCGAAAG3GOGAA ADGCDAC 

128 UADDUTO CDGAD3AGGCCGAAAGGCOGAA ACAADGC 

129 Uuauuuu OXSIXSAGGCOGAAAGGCCGAA AACAADG 
135 AGCAOOT COGA03AGGCCGAAAGGCCGAA AODUUOA 
143 ADCAGUA COSAIX3AGGCCGAAAGGCCGAA AGCADGU 
145 OUADCAG COSAtXSAGGCOGAAAGGCCGAA ADAGCAD 
151 AOTAAOT CDGAD3AGGCCGAAAGGCOGAA ADCAGQA 

155 A P50AP U OTGA03RGGCCGAAAGGCCGAA AOTOADC 

156 AATOCAU CTOAD3AGGC03AAAGGCXXSAA AADOUAU 
159 COAAAOT CDSAB3AGGGCGAAAGGCCGAA ADOAADO 
163 TOAGTOA COSAD3AGGCCGAAAGGCCGAA ADGOA0U 

154 GUOAGTO CUGAO3AG50CGAAAGGC0GAA AADGUAH 

155 CGUUAGU CCGAD3AGGCCGAAAGGCCGAA AAADGOA 
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169 AAAGCOT aJGAOSAGGCCGAAAGGCCGAA AGUUAAA 

175 UUAGCCA COSAtXttGGCCGAAAGGCCGAA AGCGUUA 

176 CUOAGCC COGABSAGGCCGAAAGGCCGAA AAGCGOU 
131 ACTOCOJ COGAOGAGGCCGAAAGGCCGAA AGCCAAA 
152 UTOOMX; CUGAIXaAGGCCGAAAGGCCGAA AOCACUG 
196 UOSAUUG COGADGAGGCCGAAAGGCCSAA AOGOACC 
201 UCAADUU COGATXjAGGCCGAAAG GC CGAA auuoja p 
206 GCCADOC CUGATOAGGCCGAAAGGCCGAA AUUCGACJ 
216 CAAACAC COGADGAGGCCGAAAGGCCGAA ADGCCAU 

221 ADQCACA OTAIX3AGGCCGAAAGGCCGAA ACACAAU 

222 CADSCAC OTSAD3AGGCOGAAAGGCCGAA AACACAA 

231 UCGOAAD OX3AD3AGGCCGAAAG3CCGAA ACADGCA 

232 CUUGUAA CUUAUUAGGC C3 AAAGGCC3AA AACATCC 

234 UACUUGU COGADGAGGCCGAAAGGCCGAA ADAACAU 

235 CQACDOS CUGAOTAGGCCGAAAGGCGGAA AADAACA 
241 ADWOCAC CTGAttSAGGCCGAAAGGCCGAA A CUU G UA 
247 GGGCAAA COGAOGAGGCCGAAAGGCCGAA ACCACJA 
245 OAGGGCA aXSADGAGGCCGAAJU33CXAA AQAOCAC 
250 O0RGGGC COGAOSAG GC C GA AAGGCOGAA AAX3AOCA 
256 UUAITUAD CUGADGAGGC03AAAGGCCGAA AGGGCAA 
259 AEABUAU COGADGAGGCCGAAAGGCCGAA ADOAGGG 
262 ACAADAU COGADGAGGOCGAAAGGCCGAA ADUADOA 
265 AOTACAA CT3A0GAGGCCGAAAGGCCGAA ADUADGA 
267 UUACDAC OX5AD3AGGCCGAAAGGCCGAA ADADOA0 
270 AUUUUAC aXSAPGAGGCCGAAAGGCCGAA ACAACA0 
273 OTGA0OU OXiADGAGGCCGAAAGSCCGAA ACOACAA 
278 GAAADOG COTAOGAGGCCGAAAGGCCGAA AUUUUA C 

283 (JUU3UGA COGADGAGGCCGAAAGGCCGAA ADOGGAU 

284 TOOTOTO OXSADGAGGCaiAAAGGCaSAA AAOUGGA 

285 UUOJIX3 J CTGADGAGGCCGAAAGGCCGAA AAADTOG 
300 00DSOAG CCXSAD3AGGCCGAAAGGCCGAA ACDGGCA 
303 CAUUUUU CUGAOSAGGCCGAAAGGCCGAA AGUACDG 

316 CAUAiaO COGADGAGGCCGAAAGGCCSAA accocca 

317 CCAjOAOA COGAOGAGGCCGAAAGGCCGAA AACCUCC 
319 OCCCADA CO3AD3AGGC0GAAAGGCCGAA ADAACCU 
321 UUUJLVA OXSAOGAGGCaSAAAGGCCGAA ADADAAC 

338 ADOTGOa axsAasAGGCcGAAwsaccGAA ADOCCA0 

339 AAOCTCU COGADGAGGCCGAAAGGCCGAA AADDCCA 
346 OGAGAGC C0GAB2AGGCCGAAAGGCCGAA AOGOGUO 
350 AOSUlAiA COGATOAGGCCGAAAGGCCGAA AGCAADG 
352 OGAGGUU COGAD5AGGCGGAAAGSCCGAA AGAGCAA 
358 AGACCAU COGAOGAGGCCGAAAGGCCGAA AGGCCGA 
364 OCdAGOA COGADGAGGCCGAAAGGCCGAA ACCADUA 
366 CADCOAG COGAOGAGGCCGAAAGGCCGAA AGACCA0 
369 UGOCADC COGADGAGGCCGAAAGGCCGAA AGUAGAC 
379 ABOOCAC COGADGAGGCCGAAAGGCCGAA ADOGUCA 
397 AGAAUUU COGADGAGGCCGAAAGGCCGAA ADCUCAc" 
388 GAGAA0U C0GAD3AGGCCGWUU*XCG^ AACUUCA 
392 C0O5GAG COGADGAGGCCGAAAGGCCGAA AUOOAAU 
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393 UUUOGGA OTGADSAGGCCGAAAGGCCGAA AADOCAA 

395 UUUUUUG CUGAKjAGGCCGAAAGGCCGAA AGAADUU 

405 AADCAOT OGAIX^aKXGAAAGaX^ AGUAJUU 

412 AOTSTOG COGADGaGGCCGAAAGGCCGAA ADCACTO 

413 CADOOT0 OT3ADGAGGCCGAAAGGCOGAA AADCAQJ 

427 COCMZAU CXXjATCAGGCCGAAAGGCCGAA ADQGGOC 

428 ADOZAOA COGAIX3AGGCCGAAAGGCC3AA AABOGGU 
430 03AOTCA C0GAO3AGGCCGAAAGSCCGAA AOAADOC 
436 GADAADU CTCAlXaAGGCCGAAAGCjCCGAA ADOCAHA 

440 OOCAGAO OXSAIX3U3GCa3AAAG3CC^ ATOGAUU 

441 A TOCAGA OX3AIX3AGtKaaUUU£23CCGAA AAOOGAI7 
443 UAADOCA C03AZXSAGGCXGAAAGGCCGAA AOAADQS 

449 TOCAAOJ OXjAIXj3U33CCGAAAG300SAA ADCCAGA 

450 AXX3CAAG CUGAD3AGGCOQAAAGGCOGAA AADOCAG 
453 CAAADOC GXaAOGAQGQGGAAAGGCOGAA. AGCAAUCT 

458 AAGADCA COSAn3ACGCCGAAAOGCOGAA ADCCAAG 

459 UAAGACC aXSAEXSAGGCCGAAAGGCCGAA AAOCCAA 
463 GGAEOAA C03AD3AGKXX3AAAOCWDCavX ADGAAAU 

465 A08GAOT COSAIXMGCCGAAAGGCCGAA AGADCAA 

466 UAD3GA0 CBSAIXaGGCCGAAAGCXXGAA AAGADCA 
469 AOTOADS OnAIXSACSXGAAAGKXXSAA ADOAAGA 
473 UADAAOT OX3UX3AGGCCSAAAGGCCGAA ADGGAOT 

477 UAADDAa OTAOSAGGCCGAAAGGCCGAA ADOTADG 

478 UOAAOTA CtXaaSAOCXXSAAAOCSCCGAA AADOUAU 
480 UATOAAU CWAIXSACXXXXSAAAGOXGAA ADAADOT 

483 OSAUADO COSAZX3AGGCCGAAAGGCCGAA ADUAUAA 

484 OOSAian aXSOTAGGCaSAAAGGCCGAA AADOAOA 
487 CATOOSA OT3AD3AGGCCGAAAG3CCGAA ADOAAOU 
489 GCDAGUU CUSAHaAGGCCGAAAGSCCGAA AQADUAA * 
494 GADTO3C CXJSAD5AGGCCGAAAGGCGGAA AG3UGAU 

soi osaca du axaasAGGOTGAAAGcccGAA aucogot 

307 PgTOAOT OXSATCAGGCCGAAAOXCGAA ACAOTGA 

f 11 A03G03U OTADSAGGCCGAAAGGCOGAA AG0GACA 

513 AOTAACU CO3A0SAGGCCGAAAGGCCGAA ADGOTGU 

520 UADOAAC QX3AO3AGGC0GAAAGGCCGAA AADGGOG 

323 UOAIlAro CT3ADSAGGCCGAAAGGOOGAA ACOAADG 

324 OOOAnAD CQSAXX2AGGGCGAAAGGC0GAA AACOAAD 
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Table 35: RSV (N) HH Target Sequence 



•mm ^ 




Position 




9 


G3CAAAU A CAAAGAU 


21 


GADGCCU C OCAGCAA 


23 


OGGCUOJ a AGCAAAG 


24 


GGCUCUU A GCAAAGC 


32 


GCAAAGU C AAGOUGA 


37 


GCCAAGO 0 GAAD3AU 


45 


GAADGAU A CACCCAA 


SO 


AUACACU C AACAAAG 


60 


CAAAGAU C AACOOCa 


65 


AUCAACU 0 COGOCA0 


66 


OCAACOT C UUJCACC 


70 


CUUOJGU C ADCOU3C 


73 


COGUCAtJ C CAGCAAA 


82 


AGCAAAU A QCCACC 


85 


ACACCAX7 C CAACGGA 


108 


AGGAGA0 A GQAOCGA 


111 


AGAOAGa A OUSADAC 


113 


ADAGGA0 U GAOACGC 


117 


UAUOCAU A CUCOUAA 


120 


OGAOACU C CQAAUUA 


123 


QACUCCU A AOOADGA 


126 


CCCUAAD tj AUGAUGO' 


127 


CCUAADU A UGADGUG 


146 


AACACAU C AADAACa 


150 


CAOCAAU A AGOOADG 


154 


AAUAAGU 0 ACGGGGC 


155 




166 


GGCAUliU U ADQAADC 


167 


GCAIX*UU A DUAADCA 


169 


AOGUUAU U AAOCACA 


170 


UGUUADU A AUCACAG 


173 


UAUUAAD C ACAGAAG 


186 


AGAOGCU A ADCADAA 


189 


OGCOAAC C AUAAAUU 


192 


UAADCAU A AADOCAC 


196 


CADAAAU U CACOGGG 


157 


AUAAABU C ACGOGGU 


205 


ACOGGGU U AACAOSO 


206 


CCGGCAJU A AOAGGQA 


209 


GSOUAA0 A GGUAUCU 


213 


AAUAGGU A CCUUAUA 



I* w • 


HH Targat Saquaac 


Posit Ion 


217 


GGQABGU U Amnrv: 


218 


GCAOGCU A QAEGC?3A 


220 


ACGUUAU A C3GCSACC 


229 


GCSACGU C UAImLLA 


231 


GADGCCU A GLruliAGG 


235 


UCUAGGU XJ AGSAAGX 


236 


CdAGGCJU A GGAAfiAfi 


254 


ACACCAD A AAAArar 


260 


OAAAAAU A C3CAGAG 


263 


AAAQACU C AGAGADG 


277 


GOS3GAU A CCAUmiA 


279 


GGGAGAU C ACG3AAA 


284 


- AUGALXiU A AAAGCAA 


299 


ABGGAGU A GALCAJAA 


305 


UAGACGU A ACAACAC 


315 


AACACAD C GCCAAGA 


318 


ACACCOT C AAGACAtT 


326 


AA3ACAU U AAEGSAA 


327 


AGACAUU A AIjGSA^A 


346 


ADSAAAD t7 osaiflnr. 


347 


CGAAADCT tr Gaaf J i jt 


355 




356 




361 




370 




371 




383 




384 




389 


UCCAAA0 C AACADCG 


395 


OCAACAD U GAGAOAG 


401 


OTGAGA0 A GAACCOA 


406 


AUAGAAU C UAGAAAA 


408 


AGAADCU A GAAAAUC 


415 


AGAAAAD C CQACAAA 


418 


AAADCCD A CAAAAAA 


431 


AAACCCU A AAAGAAA 


449 


GAGAGGU A GCCCCAG 


453 


GGOAGCU C CAGAAGA 


460 


CCAGAAU A CAG3CA0 


472 


CAUGACU C UCCTGAU 


474 


OTACDCU C CUGADUG 
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491 


^AimJuwU a AJUAUUAU 


494 


nffiTnftfT ft HTflkn^ffH 

VAjmUaAU A UUAUAjUA 




AUAAUAU U AUtjUAUA 


497 


i ir inn Tf T & n^T7ATT%^ 
UAAUnUU A UuUnUnu 


501 




503 


uaTJGQATJ A GCAOTAD 


511 


^y*?uyAD u AcsnAAnA 


512 


Ofinnn a 


515 


CADGAGU A ADAACUA 


518 


UACQAAO A ACUAAA0 


522 


AAUAACtJ A AADCAGC 


526 


ACUAAAU 0* XGCAGCA 


527 


CUAAAIK7 A (3CAGC7\G 


544 




549 


ADDJUjU c ugacagc 


551 




552 




563 




564 


OCOGADU A /yStfiftflp 


573 


GAGAGCTJ A AtTAADSTJ 


576 


nwwWnnM IHMWWWW 


581 


imiriji r rmiiift 


584 


ADGOOCTJ A AAAAADS 


603 


GAAACGCT tt 


604 




613 


AAAOGCU U ACOACOC 


614 




617 


GCDQACD A OCCAAflG 


629 


AGGATAn a arrwr* 


640 


AATAfifTT TT fTTArn^A 


641 




643 


&/?^ tt rrr a tCAAcm 


652 


GAAfiQGTT n min& 1 


653 


AAdmrr n 


663 


ftmOUTT fW*%/"TTn 


670 


VApwUU,U U "nl UniinW 


671 


o^^i^nrr ft iTTA^?%r*ff 


a /* 


^^i^nrwr % tt^ t* n ^tj^tt 


674 


AUUUUAU A vmwUvU 


680 




681 


AVjAUVjUU U UUliUUWk 


682 


GAUAaju 0 UUUUGA9 


683 


AUGUUUU U OTUCAOO* 


686 


UUUUUUJ 0 CADDUOG 


687 


OUOUGOU C AUUUUU; 


690 


UGUUCAO U ODGGOAa 


691 


OTUCADa U DGGQEAQA 


692 


UUCAUUU U GGUAGAG 
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UUuUGGu A UaGCACA 




umjwJAu A GCACAAL7 


7rt6 


GCACAAU C UUCUACC 


/UO 


Al-AAUCU vj CUACCAG 


too. 


C uACCAGA 


7"i 1 

1 —A 


aULUULU A CCAGAGG 


726 


Uwwwu A CiALjUUGA 


731 


f7TAA^f!TT TT ft/****** 
WJnunljU U SiAfUjVjijA. 


740 


ft IrtfT^iTT f T FT1 H 
AmamiUJ U wWUwWiG 


741 


AGGGAUTT 17 F 11 ■ if •&/■*** 


742 


GQCAfTfjtT TT fTt/^/y^ 


743 




751 


f*PAf«r»ArT TT ^TTTTiITinr* 


754 




755 




756 


AWWWUU A UuAALAji. 


766 




787 




788 




800 




802 


CTJuU^f If *1 1 TT S./^**ft ft ft i 


803 


^ 3 TT T ft ff^ft ft ft 71 TT 


811 


^•AAAAU W aGuUAAA 


815 


«WU»jC u AAAAAUA 


816 


ATJt^JWTJ'II 1 & *i ^. A ftTTftrr 
AUUwUU A AAAAUAU 


822 


TT&&&&ftfT % TTT Tftl Iff tt 1 
UAAAAAU A UUAlAiUU 


824 


AAAATTATT TT i TV 71 Trrft r* 
AAAAUAU U AlXiUUAG 


825 


AAATTArTTT & rv*T TT TKr*** 
AAAUAUU A UvA^UASS 


829 




830 


TTT^Ti F 1T3 TT t ft ^^■*i^ , *j 


840 


awuajCu a uuGOGCA 


866 


AA^AA^TJT TT (Tmrsw 


869 


AAVjUI^U U vjAGGUUU 


875 


1 TT LmrtffTT TT TTft t W'H 

UUVjAwsjU U UaUGAATJ 


876 


UWWW U ADGAAUA 


9 11 


wUjGUuu A UGAAnAD 


OOJ 


uADSAAU A DGCCCAA 




5 ft ft ft TT FT J ii >jm ■ ^ ■ i 

^-AaAaAU tj gggtjggu 


9TJ3 


^^TA^y*ft fr TT j — rm _-i_n ■_ ■ ■ 

Gv-AGGAu TJ CUaCCAU 


914 


^*H ^*** im *w ju« — — _ 

CAGGAUU C UACCAUA 


916 


GGADDCO A CCAUAOA 


921 


^TTTl ^^ft TT » fMffPMk k 


923 


ACCATJAIT A UCGAACA 


925 


CAUAUAU rj GAACAAC 


943 


AAAGCAO C ADUAODA 


946 


GCAUCAU U AUUAOCU 


947 


CATJCAOU A UUaUCOU 


949 


UCADDAU U A0C0TJ0G 


950 


CAUITAUU A UOJUUGA 
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952 


f TTT&nrTz.rr r rn BK^m 


954 


ADOAJOCU U OGACUCA 


955 


(AIADCUQ U GACUCAA 


960 


UUUGACU C AADUUCC 


964 


ACUCAAU U ULXJIJCAC 


965 


CUCAAOU CJ CCUGACU 


966 


nCAAUUU C CCCACUtJ 


969 


ADCJUCCU C ACOTCUC 


973 


GCOCACU U COCCAGU 


974 


CUCACUU c uccagug 


976 


CXLUULU C GAGOGGA 


983 


CCAGOGC7 A GUADGAG 


986 


GOGUAGU A 0GAG3CA 


988 


GGAGGAU U AGGGAA0 


989 


UAGUADU A GSGAADG 


1007 


CUGGCOJ A GGCAUAA 


1013 


UAGGCAU A AOGGGAG 


1024 


GSAGAGU A CAGAGGG 


1032 


CAGAGGG A CACOSAG 


1044 


GAGGAA0 C AAGADCU 


1050 


UGAAGAD C UAX1ADGA 


1052 


AAGADCU A UADGADG 


1054 


GAUCUAU A GGADGCA 


1072 


AAGGCAIJ A OGCOGAA 


1085 


AACAACCJ C AAAGAAA 


1103 


KiAfT T7 AftfTTRPTi 


1104 




1108 


AUUAACU A GAGDGUA 


1115 


ACAGDGD A CCAGACU 


1118 


GvJGOACU A GACUDGA 


1123 


CUAGACU U GACAGCA 


1139 


AAGAACU A GAGGCUA 


1146 


AGAGGCU A OCAAACA 


1148 


AGGCGAD C AAAGADC 


1155 


CAAATACT r AflTTHTAA 


1160 




1161 


UCAGCOU A ADOCAAA 


1164 


OCUUAA0 C CAAAAGA 


1173 


AAAAGAXJ A ADGADGD 


1181 


ADGADGU A GAGCUUU 


1187 


GAGAGCU 7 D3AG0UA 


1188 


AGAGCOU XJ GAGOGAA 


1193 


UUUiAGC a AADAAAA 


1154 


U0GAGOT A AUAAAAA 
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Table 36: RSV (N) HH Ribozyme Sequence 



at . 
Position 

9 

21 
23 
24 
32 
37 
45 
SO 
60 
65 
66 
70 
73 
82 
89 
108 
111 
113 
117 
120 
123 
126 
127 
146 
150 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



HE Ribozym* diquuci 



ADCUUTO COGADGAGCjCCGAAAGGCCGAA adotgcc 
TOGCUAA CO»D3AG3CC3AAAG3CCGAA AGCCACC 
UJUUGOT CQSAD5AGGCCGAAAG5CC3AA AGAGCCA 
ACOOOGC COSADSAGSCCGAAAGGCCGAA AAGAGCC 
OCAACUU C0GADGAG3CCGAAAG3CCGAA ACUOUGC 
AUCADOC COGAZJ3AGG00GAAAGG0C3AA ACCCGAC 
OT3AOX3 COSADGAGGCCGAAAGGCOGAA. ADCAUCC 
CWICOT OXSAIXaGGCXGAAAGGCCGAA AGwGQAD 
AGAAGUU amrxaGGOSSAAAGCXCSuU ADCCUCG 
AOSACAG CtXSAOGAGGCCGAAAGGCCGAA AGOUGAIJ 
GAOSACA COTATCAGGCCGAAAGGCCGAA AAGOUGA 
GCOGGA0 Oi a OGAQOOOGAAAGGCOGAA ACAGAAG 
UOTSOX? OX3AIX»G3Ca3UUU3^^ ACGACAG 
GADGOTS a*3A03AGGCCSAAAGGCa^ ADUUGCU 
OCCGUTO aX3AOSMGCC»AA^^ AEGGOGO 

tJCAADAC ax»roaG3caauuvfic«^^ adcoccu 

GOABCAA CHjADSAGGCCGAAAGGCCGAA ACOADCT 
GMOADC COSATOAOGOCXaVAAGGOTGAA AEACUAU 
SOW3GAG COGATCAGGCXGAAAGGCaSAA ADCAACA 
UAADOAG OX»OSAGGCCGSUIACGCOGAA AGOADCA 
ECAUAAU COGADSAGGCGGAAAGGCOGAA AGGAGOA 
ACADCAD aXSAIXaGGCCGAAAGGCCGAA ADUAGGA 
QOP CA OX»03AGGCCGAAAGGCOGAA AAOTAGG 
ACOUADU C0GAO3AGGCCGAAAGSCCGAA AGGOGOa 
CAHAAOJ COSAOSAOGOCEAAAGGCOGAA AOTGADG 
GO^CW aXSAaSAOCXCGBUU^OGOXSAA ACUOAOU 
TOCCACA OXjADSAQQCCGAAAGGCOGAA AACUOAU 
GADUAA0 OWUOGAOGOOGaAAGGCOGaA ACADGCC 
PGAU OAA COGAD3AGGCCGAAAGGCCGAA AACADGC 
CXX»IXaCGCCGAAAOGCCGAA AZZAACAU 
CB3OSA0 aXJADGAGGCCGAAAGGCCSAA. AADAACA 
COTOT3U CDC»tX»GGCCG3UUU5GCa3AA ADUAAUA 
P QAOSA D COGWX3AGGCCGAAAGGCCGAA AGCADCU 
AAOUOAXJ OX3AtX»G0CC»AAAO3CCGAA ADUACCA 
OTGAAOT axaiXSAGGCXSaUUGGCCGAA ADGADUA 
CCCAGOG COGAIXSAGGCCGAAAGGCCGAA ADOOADG 
ACCCAQJ C0GAO3AGGCCGAAAGGCCGAA AADOUAU 
ACCUADQ CDSATOAGGCOGAAAGGCCGAA ACCGAGC7 
^CCOAU OT3AD3AGGCCGAAAGSCOGAA AACCCAG 
ACADACC CTOADGAGGCCGAAAGGCCGAA ACQAACC 
AADAACA CIXjMXSAGGCCGAAAGGCCGAA ACCUADU 
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217 CQCMIMJ CCGA03AGGCCGAAAGGCCGAA ACAOACC 

218 T3OGCA0A CTOADSAGGCCGAAAGGCCGAA AACAUAC 
220 CADCGCA CUGAU3AGGCCGAAAG3CCGAA AdAACAU 
229 OAACaZA CTJGADGAGGCOSAAACGCCGAA ACADCGC 
231 CCOAACC OT3AZXSAGGCCC^UU3!XCGA^ AGACADC 

235 OLUULU J C0GAD3AGGCCGAAAG3CCGAA ACCUAGA 

236 cccuucc ctoaasaggccgaaagsccgaa aaccuag 
254 guaduuu cusadgaggccgaaaggccgaa a o gg ug o 
260 ox«»g ctoad3aggoogaaaggoogaa auuuuua 
263 cadccca ctoatoaggcogaaaggoogaa ag uauuu 
277 oacatoa cxxs0xsu3gca»uuuq0o0saa adocogc 
279 uotacaij cosadgaggccgaaag3ccgaa aiiadccc 
284 ooscootr c03adgagggggaaagg30gaa agadga0 
299 uuacadc c0gadgaggccgaaag3ocgaa acoccau 

305 GOSOOSC COSADGAGC3COSAAA03COSAA acaocoa 

3X5 0COOGAC OT3ADGAGGOCGAAAGGOOGAA ADG0G0U 

318 ADSUCUU CTOAIJ3AGGCOGAAAGQCCGAA ACGADGd 

326 UO0CAOT CDSCXaGQCCGAAAGQOOGAA ADGOCOT 

327 DOTOOn CaSAaS A GQCm AAA ffiCC G AA A ADQJ O J 

346 CACOCCA C0GAD5AGG0CGAAAG3CCSAA ADOOCAU 

347 AOCOOC COa A DGAGGCOGAAAGGCOGAA AATOOCA 

355 caa0gou cosad3aggccgaaag3ccgaa acacotc 

356 ccaaosa gx3atoaggocgaaaggcogaa aacacuu 
361 gcotocc cogadgaggccgaaaggccgaa atouuaa 

370 agot30o cosad5aggc0gaaaggqcgaa agcoogc 

371 cag0o3u otsadgagqcogaaagqoogaa aagcucc 

383 o3ad0o5 cota03aggccgaaag3ccgaa a o uuca g 

384 UOSADCU CRjADSAGGCOGAAAGGCCGAA AAUUOCA 
389 CAA03OT COSAO»GGCCGAAAGGCCGAA ADUOGAA 
395 C0ADOX: aX»IX2AGGCCGAAAGKn3^ AUUAJ GA 
401 UAGMJCX: COGADGAGGCOGAAAGGCCGAA ADCOCAA 
406 OODOCOA C03A03AGCK»3UUKS3COGAA ADOCUAU 
408 GAuuuu w aXSArxaOOCOGAAAflCOOGAA AGADOOJ 
415 uwAiUAfl CCXSUXaAOSCOGAAAOGOOGAA AUUUUOJ 

418 uouuuui ctoaocagqcocsaaaogcosaa aggadou 

431 uotctoc cogaogagqcogaaaggcocaa ag cauuu 

449 cw jiySC CDSAIXaGCXCGAAAOOCOCjAA ACC UCU C 

453 OAUIX1W COS A DjAGGCOCSAAAQQOOEjAA AOOAOC 

4^0 ATOOCLW COSA03AG3CQGAAAGQCGGAA ADUCOGG 

472 AOZAOGA OT3AD3»GGCCGAAAGGCCGAA AGOGADG 

474 C AAOCA G axa^aOWOGBUUU»OaSAA AGAGOCA 

480 AIXXCAC aXSAIX3WC«33AAAa500^ AUCAGGA 

491 AOAAOA0 C03ADG3U3CXrGAAAGC«3SAA AUQU3CC 

494 OAOmAA COSAPSASGCOGAAAGGCOGAA ADOADCA 

456 UAEACA0 C0GADSAGGCCGAAAGQCOGAA AEADUAU 

497 CUADACA CUSATCAGGCCGAAAGGCOGAA AAUADOA 

501 caxscax ax^an^xscasAAAGGccc^ acaoaaxt 

503 AOGCD3C COGADG A GGCOGAAAGGCCGAA ADACADA 

511 UADUACa CUGADGAGGCCGAAAGGCCGAA AUGCOGC 
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512 uuauuaC OXSADGAGGCCGAAAGCa^^ AADGCOG 

515 tnGOOMT CUGADGAGGCCG^Utt^^ ACOAADG 

518 ADOUAOT CTSADGAGGCCtSUAGSCCGAA ADCEACCA 

522 GCOAAUU Cdca^X»03CCGAAAC3tXrGAA AGOTADU 

526 roajsca cotadgaggccgaaaggccgaa aduuagu 

527 COSOTC CtJGWXSAOGCCmUUUSCSCCGAA AADUUAG 
544 AAGACC A COSAIX3U3GCOGAAAGGCCGAA ADCDTOC 
549 GCO30AA CDGAIX»GOCCCSaAAGCXXGAA ACCAGAU 

551 COGCOGU COGADCS^CTCCGAAACGCCC^ AGACCAG 

552 ACQ5C OS COTADGAGGCCGAAAGO^^ AAGACCA 

563 ClUJLUJ CPSAP5AGOCCGAAACGCCGAA ADCACGG 

564 GCacaX OT3ADSAGGCCGAAAGGCCGAA AADCACG 
573 ACADUAU OT3ADSAG3CCGAAAGGCCGAA AGC0C2C 
576 AG5ACA D COGA03AGGCCSAAAGSCCGAA ADUAGCU 
581 UUUUUAG C0GAO3AGGCCSAAAGGCCGAA ACADUAU 
584 CAUUUlfU CTCATOAGGCCGAAAGGCCSAA AGGACA0 

603 CCOUU5U CIX5ADSAGSCCGAAACGCCGAA AOGTOCC 

604 GUCUU W aXSMGAGGCCGAAAGGOOCSAA AACSUUU 

613 U^uaOT COSAOSAGGCCGAAAGQCCGAA AGCCUUU 

614 OGQGUA S aX3AOaGGCCGAAACK5CCGAA AAQCCDO 
617 CC0OS GG OTAD3AGGC03AAAGXCEU AGUAAGC 
629 33OTSGC CUGAO3AGGCCGAAAGG0CGAA ADGOCCU 

640 UOCXJaa OX3ADGAGGCCGAAAGGCCGAA A GOJ Q jU 

641 C TOCAPA CKADGAOKCGAAAGGCCGAA AAGCOOT 
643 CACOOCA CTOOTAGOCCGAAAGGCCSAA AGAAGCU 

652 UUDDOCA COSAOSAGSCaSAAAOCSCaSAA ACACOCC 

653 OTOOODC COGAOSAOGCCCaUUUMCCGAA AACACDU 
663 AAGOGGG CTOAIX5«3CCSAAAGGCCGAA ADGOUUU 

670 AOCOAUA CCGAIX3AGGCCC5AAAGC3CXGAA AOTGGGG 

671 CA DCOAP CD3AD3AGGCCGAAAGGCCGAA AAGCGGG 

672 ACATCOA Ca3ATOAGC3CaSUUlGSCC^ AAAGOGG 
674 AAACADC OX»03AGC3CCGAAAGGCCGAA AX2AAAGU 

680 GAACAAA CEX»IX3AGOCOGAAAGOCCGAA ACADCOA 

681 OSAACAA CPGAD3AGGCOSAAAGQCOGAA AAaUJUJ 

682 ARSAACA CO3A03AGGC0C3UIAGGC0GAA AAACADC 

683 AAD3AAC OX3AD3AGCX»aUUU3KXX3Ul AAAACAU 

686 CAAAATO CTCAOSAGGCCSAAAGSCGQAA ACAAAAA 

687 CCAAAA0 OX3AIX»iGOCCC33UU«3C^^ AACAAAA 
690 AI1ACCAA OTSAD3A0GCO3AAAGGCCGAA ADGAACA 
651 UADACCA COGADGAG3CCGAAAGGCCGAA AADGAAC 
692 CMRCC COSAB3AGGCCGAAAGGCOGAA AAADGAA 
696 P SreCQ A COGAU5AGGCCGAAAGGCOGAA ACCAAAA 
658 AD0SO3C C03AD3AGGCCGAAAGGCCGAA ADACCAA 
706 GGCAGAA OXSATOAOCXXGAAAGGCCGAA AD0G0GC 

708 LUUj UAG COSAOSAGGCCGAAAfiGCCGAA AGAOTGU 

709 rcaSOTA C93ADGAGGOCGAAAGC5CCGAA aagadog 
711 CC0OX3G ccgadgaggccgaaagsccgaa agaagau 

726 CCAACDC COGA03AGGCCGAAAGGOCGAA, AC0GCCA 

731 CCCCTOC CUGADGAGGCCGAAAGGCCGAA ACUOIAC 
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740 COGCAAA CCGATOAGGCCGAAACGCCGAA ADCCCUU 

741 CCOGCAA CCGADGAGGCCGAAAGGCCGAA AADCCCU 

742 CCOTSCA CGGAU3AGGCCGAAAGGCCGAA AAADCCC 

743 ATOCUGC CDGAtXSAGGCCGAAAOGCCGAA AAAADCC 
751 CM2AAAC COTAIX3AGGCCGAAAGGCCGAA A3DCC0 GC 

754 ADOCAOA C0GA03AGGCCGAAAGGCCGAA ACAADCC 

755 CADOCA0 G3GAD3AGGCGGAAAGGCCGAA AACAADC 

756 GCADOCA OX^CX»OGCCGAAAC5CCSAA AAACAAU 
766 OKACCA CQGADGAGGCCGAAAOGCOGAA AGGCAUQ 

787 CCACCGU OTSAOMGCCGAAAGGCCGAA ACADCAC 

788 CCCACCG CaSAIJGAreCTnAAAGSCnaA AACACGA 
800 0O5COAA COSAD3AGGCOSAAAKJCOSAA ACOCCCC 

802 UDDTOCU OT3A03AG3CCGAAAG3CCGAA AGACOCC 

803 AUUUUGC aZSADGAGCCCOAAAGGCCGAA AAGAOJC 
811 UDUAACU COQAIXjAGKCSAAAGSCOSAA aotougc 

815 UAZPOODa CTOAOGAGGCOSAAAOGCOSAA ACUGADU 

816 AOADUUU CDGATOAGGCCGAAAGGCCGAA AACDGA0 
322 AACAOAA OX2AD3ACm35AAAG3CCGAA AUUUUUA 

824 CUAACAtf QXIAIXjAGSCQQAAAOSOOGAA ADADTOtJ 

825 CCUAACA CCXSUX»GGCCGAAAG3CCGAA AACADUU 

829 ADSDCCa QXAOGJUSGTHtAAAGGQCGAA ACAQAAt7 

830 CATOOCC CUGAZXiAGGCOGAAAOCSCOSAA AACADAA 
840 CGCACAC COGADaAGGCCGAAAGSCCGAA AGCADGU 
866 CCOCAAC COGAD3AG3CCGAAAOQCOGAA ACOOGOU 
869 AAAOC0C CDGATJSAGQCTXaAAAGGCOGAA ACAACDD 

875 ADOCAOA OX»X»GCXa3AAAG3CaSAA ACC0GAA 

876 HAUKAI7 COGAIXa GGCCU AAAggOGAA AACCOGA 

877 AOADOCA CCGAD3AOGCCGAAA£3GCOGAA AAACCOC 
883 UCX3GGCA OX3U0GAGGCCXAAAGCXrc^ AOTCADA 

913 AOTOTAG C0GADGAG30CSAAAOGO0GAA ADOCOOC 

314 UADGGOA CP5ADSAGQCCGAAAQSGOSAA AABCCDG 

916 OAZADSG CU1AD5AGGCCGAAAGGQOGAA AGAADCC 

921 UOCAACEA CCTjATOAGQC CG AAAGGOOGAA ADGGOAG 

923 OGTOCAA C0GAO3AC3GO0GAAAG3QOGAA AHASOGU 

925 GOTGOTC COGADGAGOCOGAAAOSCOGAA AXZAOAOG 

943 HAAIZAA0 CCT5AP3AQQCCGAAAQt3CCGAA ADGCOUO 

946 AGAQAA0 CCXjAOSAGGOCGAAAGSCGGAA ABGADGC 

947 AAGAHAA COSaDSAGGCCCSU^^ AABGADG 

949 CAAAGA0 C0GAOGAOGCCGAAAGGCC6AA AEAADGA 

950 OGAAAGA CDGADGAGGCCGAAA03XGAA AAZ2AA0G 
552 AGOCAAA CDGABSAGGCCGAAAGCjOCGAA ABAADAA 

954 33AOTCA C0GADSAGGCCGAAAOGO0GAA AGAQAAZ7 

955 COTAGOC CTOADaAOGCCGAAAOGCOGAA AAGADAA 
960 GGAAADU COSADSAGGCCGAAAGSCCGAA AGOCAAA 

964 OTSAOGA COSADGAGGCCGAAAGGCCGAA ADOGAGC 

965 AG05AOG CTOAIXSAOTCCGAAAGGCCGAA AADGGAG 

966 AAGOTAG aXIAUaAGGCCGAAAGGCOSAA AAADUGA 
969 GAGAAGO CUGAU5AGGCCGAAAGGCCGAA AGGAAAU 
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973 ACOGGAG COGAOGAGGCCGAAAGGCCGAA AGOGAGG 

974 CACUGGA COGAOGAGGCCGAAAGGCCGAA AAGOGAG 
976 OACACCG COGAOGAGGCCGAAAGGCCGAA AGAAGCG 
983 COAAUAC COGAOGAGGCCGAAAGGCCGAA ACACOGG 
986 OGCCOAA COGAOGAGGCCGAAAGGCCGAA ACOACAC 

988 AUOGCCU COGAOGAGGCCGAAAGGCCGAA ACACOAC 

989 CADOGCC COGAOGAGGCCGAAAGGCCGAA AADACOA 
1007 OUAircCC COSADGAGGCCGAAAGGCCGAA AGGCCAG 
1013 COCCCAU COGAOGAGGCCGAAAGGCCGAA ACGCCUA 

1024 AOCOCOG cogaogaggccgaaaggccgaa acccccc 

1032 COCGGUG COGAOGAGGCCGAAAGGCCGAA ACCOCOG 

1044 AGAOCOC CTGAOGAGGCCGAAAGGCCGAA ADCCCTC 

1050 UCAUAnA COGAOGAGGCTGAAAGGCCGAA ACCTOGA 

1052 CADCAHA COGAOGAGGCCGAAAGGCCGAA AGADCOT 

1054 OGCADCA COGAOGAGGCCGAAAGGCCGAA ACAGACC 

1072 UOCAGCA COGAOGAGGCCGAAAGGCCGAA ACGCCUU 

1085 UUUCUUU COGAOGAGGCCGAAAGGCCGAA AGCOGCU 

1104 COUUAGO COGAOGAGGCCGAAAGGCCGAA AADCACA 

1108 UACACDG COGAOGAGGCCGAAAGGCCGAA AGUGAAO 

1115 AGOCOAG COSADGAGGCCGAAAGGCCGAA ACACOGO 

1118 UCAAGUC COGAOGAGGCCGAAAGGCCGAA AGUACAC 

1123 OGCOGOC COGAOGAGGCCGAAAGGCCGAA AGCCTUG 

1139 OAGCCOC COGAOGAGGCCGAAAGGCOGAA AGOTCTO 

H46 OGOUOGA COGAOGAGGCCGAAAGGCCGAA A GC C UCU 

1148 GAOGUOU COGADGAGGCCGAAAGGCCGAA AOAGCCO 

1135 OCAAGCU COGAOGAGGCCGAAAGGCCGAA ABGOUUG 

1160 UOGGAUU CUGAEGAGGCCGAAAGGCCGAA AGC3GA0 

11^1 UUOGGA0 COGAOGAGGCCGAAAGGCCGAA AAGCOGA . 

1154 UCUUDUG COGAOGAGGCCGAAAGGCCGAA AJCUAAGC 

1173 ACADCAU COGAOGAGGCCGAAAGGCCGAA. AGCDOOU 

1181 AAAGCOC COGAOGAGGCCGAAAGGCCGAA ACADCAU 

1187 OAACOCA COGAOGAGGCCGAAAGGCCGAA AGCCCOA 

1188 UOAACUC COGAOGAGGCCGAAAGGCCGAA AAGCOCO 

1193 UUUUAOU COGAOGAGGCCGAAAGGCCGAA ACOCAAA 

1194 0UDOOAO COGAOGAGGCCGAAAGGCCGAA AACOCAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Amidite 
[Added/Final] 
fmin) 


Time* 


% Full 
Length 
Product 


AgT 
AgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


85 
89 


(GGUfcGGT 
(GGU) 3 GGT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


78 
81 


CgT 
CgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15m 
15m 


90 
97 


U 9 T 
U 9 T 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15m 
15m 


80 
85 


A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 


T [0.50/0.33] 
S [0.25/0.17] 
S [0.50/0.24] 
S [0.50/0.18] 
S [0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/0.05] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
10/5 m 


21 
25 
25 
38 
42 



'Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-0-methyl coupling. S = 5-S-Ethyltetrazole, T = 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-0-methylnucleotides. 
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Table 40: 



Sequence Deprotection 
Reagent 



iBu(GGU) 4 NmOH/EtOH 
MA 

AMA 
MA 

AMA 

iPrP(GGU) 4 NKUOH/EtOH 
MA 
AMA 
MA 

AMA . 

CgU NhUOH/EtOH 
MA 
AMA 
MA 
AMA 

A (36-mer) NKUOH/EtOH 
MA 



Base Deprotection 



Time T °C % Full 
(min) Length 
Product 



16 h 


55 


62.5 


10m 


65 


62.7 


10m 


65 


74.8 


10m 


55 


75.0 


10m 


55 


77.2 



4h 


65 


44.8 


10m 


65 


65.9 


10 m 


65 


59.8 


10m 


55 


61.3 


10m 


55 


60.1 


4h 


65 


75.2 


10 m 


65 


79.1 


10 m 


65 


77.1 


10 m 


55 


79.8 


10 m 


55 


75.5 


4h 


65 


22.7 


10 m 


65 


28.9 
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Table 41: 2'-0-Alky!siIyl Deprotection 



Sequence Deprotection Time T "C % Full 

Reagent (min) Length 

Product 

A 9 T TBAF 24 h 20 84.5 

1.4 MHF 0.5 h 55 81.0 

(GQU) 4 TBAF 24 h 20 60.9 

1.4 MHF 0.5 h 65 67.8 

C10 TBAF 24 h 20 86.2 

1.4 MHF 0.5 h 65 86.1 

U10 TBAF 24 h 20 84.8 

1.4 MHF 0.5 h 65 84.5 

B (36-mer) TBAF 24 h 20 25.2 

1.4 MHF 1.5 h 65 30.6 

A (36-mer) TBAF 24 h 20 29.7 

1.4 MHF 1.5 h 65 30.4 
B is 5'- UCU CCA UCU QAU GAG GCC GAA AGG CCG AAA AUC CCU 

♦3'. 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (min* 1 )* 


HH 


1.16 ± 0.08 


HDV 


0.56 i 0.15 


HP(GC) 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimolecular rate constant for ribozyme self-cleavage 
determined from a non-linear, least-squares fit (KaleidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = r~ d-e"^ 

Jet ' 

The equation describes the extent of ribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994 Pmc. N*tl A,^ ffff ^ Sl> 
6977) as a function of time (t) and the unimolecular rate constant for cleavage 
(k). Each value of k represents the average (± range) of values determined 
from two experiments. 
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Table 45 



Entry Modification 



1 

2 

3 
4 
5 

6 
7 
8 

9 

10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 



U4 & U7 a U 

U4 & U7 . 2'-OMe-U 

U4 = 2*=CH2-U 
U7 = 2'=CH2-U 
U4 & U7 a 2'»CH2-U 

U4 « 2'=CF r U 
U7 a 2'=CF2-U 
U4 & U7 a 2*=CF2-U 

U4 a 2'-F-U 
U7 = 2'-F-U 
U4 & U7 = 2*-F-U 

U4 » 2'-C-AHyl-U 
U7 = 2'-C-AllyMJ 
U4 & U7 « 2'-C-AJIyl-U 

U4 a 2'-araF-U 
U7 a 2'-araF-U 
U4 & U7 a 2'-araF-U 

U4 a 2'-NH2-U 
U7 a 2'-NH2-U 
U4&U7a2'.NH r U 



*i/2 (m) 
Activity 
(t A ) 



*i/2 (m) 
Stability 
(ts) 



0 = ts/t A 
x 10 



1 


0.1 


1 


4 


260 


650 


6.5 


120 


180 


8 


280 


350 


9.5 


120 


130 


5 


320 


640 


4 


220 


550 


20 


320 


160 


4 


320 


800 


8 


400 


500 


4 


300 


750 



U4 = dU 

U4&U7: 



dU 



3 
3 
3 

5 
4 

15 

10 

5 

2 

6 
4 



>500 

220 

120 

>500 

350 

500 

500 
500 
300 

100 
240 



>1700 

730 

400 

>1000 

875 

330 

500 

1000 

1500 

170 
600 
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CLAIMS 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA, IL- 

5 mRNA, ret A mRNA. TNF-oc mRNA sites shown in Table 23, 25, 
27, or 28, CML associated mRNA selected from those identified as 
SEQ. ID NOS 1-25, or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic acid molecule of daim 1, the binding arms of 

which contain sequences complementary to any one of the 
sequences defined in any of those in Tables 2, 3, 6-9, 11, 13, 15- 
23, 27, 28, 31 , 33, 34, 36, and 37.. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron, 
Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 

6. The enzymatic nucleic acid molecule of claim 5 comprising between 

14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

8. The enzymatic nucleic acid molecule of claim 7 comprising between 

10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8, 
1 0, 1 2. 1 4-1 6, 1 9-22, 24, 26-28, 30, 32, 34 and 36-38. 

10. A mammalian cell including an enzymatic nucleic acid molecul of 
claims 1 or 2. 
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1 1 . The cell of claim 10, wherein said cell is a human cell. 

12. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 

5 molecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of claim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-S, ml A, TNF-a, or RSV by administering 

10 to a patient an enzymatic nucleic acid molecule of daim 1 or 2. 

1 6. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, relA, TNF-o, or RSV by administering 
to a patient an expression vector of claim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

15 18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 

20 Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
alkylnucleoside, ^deoxy-^-alkylnucleoside, nucleoside S'-deoxy- 
5'-dihalo-methylpho$phonate, nucleoside S'-deoxy-S'-difiuoro- 
methyl phosphonate, nucleoside S'-deoxy-S'-dihalo- 

25 methylphosphonate, and 5 , ,3 , -dideoxy-5 , f 3'-bis(dihalo)- 

methylphosphonate, 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotide, ^-deoxy^'-alkylnucleotide, S'-deoxy-S'-dihalo- 
methylnucleotide, S'-deoxy-S'-difluoro-methylnucleotide, 3'-deoxy- 

30 3'-dihalo-methylnucleotide, and 5 , l 3 , -dideoxy-5' ( 3 , -bis(dihalo)- 

methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucl otid selected from the 
group consisting of S'-C-aikylnucleotide, 2'-deoxy«2'- 
alkylnucleotide t S'-deoxy-S'-dihalo-methylnucleotide, 5'-deoxy-5'- 
difluoro-methylnucleotide, 3'-deoxy-3'-dihalo-methylnucleotide, 

5 and 5 , ( 3 l -dideoxy-5 , ,3 , -bis(dihaIo)-methyiphosphonate. 

22. The S'-C-alkyinudeoside of claim 19, wherein the sugar portion is in 
a talo configuration. 

23. The S'-C-alkylnucleoside of claim 19, wherein the sugar portion is in 
an alio configuration. 

10 24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of S'-C-alkylnucleotide, ^-deoxy-^'-alkylnucleotide, 5'- 
deoxy-S'-dihalo-methylnucleotide, 5'-deoxy«5'-difIuoro- 
methylnucleotide, S'-deoxy-S'-dihaio-methylnucleotide, and 5\3'- 
dideoxy-5\3'-bis(dihalo)-methylphosphonate. 

15 25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1, R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyl group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
20 between 2 and 5 amino acids inclusive; and the zigzag lines are 

independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3-amido or peptido group. 

27. An oligonucleotide comprising a 5-amido or peptido group. 

28. The oligonucleotide of claim 24, 25, 26, or 27 having enzymatic 
25 activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyl group at its S'-position or 2'- 

30 position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarboxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5* or a 3*-dihalo- 
methylphosphonate comprising the step of condensing a 
difluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5'- or 3'- 

1 0 difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyttetrazole at a delivered 0.1*1.0 M concentration for the 

1 5 activation of a RNA amidtte during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-a!kyltetrazole at 0.15-0.35 M effective, or final, concentration for 
the activation of a RNA amidrte during a coupling step for less than 

20 or equal to 10 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NhUOH/aJkylamine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said alkyi is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA alkylsilyf protecting groups 
comprising, contacting said groups with anhydrous 
triethy!amine«hydrogen fluoride (aHF«TEA) trimethylamine or 

30 disopropylethylamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprot ction of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °O70 
°C tor at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 

5 remove a protecting group of the 2'-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1 -dioxide (Beaucage reagent) with th 
growing RNA chain for 5 seconds with a reaction time of at least 

1 0 300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyttetrazole or 
5-S-methyltetrazoIe prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
1 5 active. 

42. Method for synthesizing 2 , -deoxy-2 , -amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2'-amino 
group with a N-phtaioyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

20 44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2*-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 

25 SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 

30 molecule or oligonucleotide with boron trifluoride etherate 

(BF3*OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF 3 -OEt 2 ) is provided in 
acetonitrile. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
intramolecular or intermolecular cleaving activity, said first 
ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
having intermolecular cleaving activity, said Second ribozyme 
being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
first ribozyme to release said second ribozyme from RNA encoded 
by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturaily occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 
between a 3' region and 5' complementary nucleotides in said 
RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51 , wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of claim 53, said RNA having A and B boxes of a 
type 2 pol III promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box. 

5 57. The RNA molecule of daim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53 ( wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51, wherein said desired RNA molecule 
1 0 is selected from the group consisting of antisense RNA, decoy RNA, 

therapeutic editing RNA, enzymatic RNA f agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 12 bases of said 3' region. 

15 61. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3' region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno virus. 

20 64. RNA vector encoding the RNA molecule of claim 51 . 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

25 67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of claim 53. 

69. Cell comprising the RNA of claim 51 . 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5' terminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

5 71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
1 0 bases in helix 2 and able to base-pair with a separate substrate 

RNA, wherein the said ribozyme comprises one or more bases 3 1 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans. 

15 74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N* is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20, o is 0 - 20, n is 1 - 

20 4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3 1 of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
25 helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 
30 81. A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell, 

83. A cell including an expression vector of claim 82. 

5 84, Method for altering in vh/o the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic acid molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in wVo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

1 5 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methylation of cytosine to 5-methylcytosine. 

91. The m thod of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a ceil or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
1 0 RNA from said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
1 5 comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
20 structure under physiological conditions with said first nucleic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

25 and contacting said complex with said celt or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nucleic acid molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
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structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nudeic acid under said conditions; 

and wherein said second nudeic acid further comprises a 
localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nucleic acid molecule is produced 
in said cell or tissue. 

95. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nudeic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic add molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
sufficient complementarity with said first nudeic add molecule so 
that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic add molecule lacks a promoter region 
and said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

97. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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pjQ S35 Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 5 0 
AGGUCGAUGG AUCGAAACCC CGG AUCGUAC CGCGGUGGAU CCACUCUGCU 100 
GUUCUGUUU 109 



FG. 45. 



HHIS35 



GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUQAUGAQ 100 
r ^rrnA A AGO U r™A AArfiG GCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



PJQ 46. S35 p,us Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCG A UCC AUC ACUC UGCUGUUCUG UU U 133 



FIG. 47. 



HHIS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGG CACAA CACUGAUGAG 100 
r.Arrr.AA AGO \ } Ct*c, A A A CGG GCAG GAUCCU AACGAUCCGG GGUGUCGAUC 150 
CAUC ACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
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This is based on Geiduschek & Tocchini-Valentini, 
(1988) frnnn Review Biochem. 57, 873-914. However 
this consensus sequence is not meant to be limiting 
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